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   i 
ABSTRACT 
 
This dissertation shows that the central conceptual feature and explanatory motivation of 
theories of evolutionary directionality between 1890 and 1926 was as follows: 
morphological variation in the developing organism limits the possible outcomes of 
evolution in definite directions. Put broadly, these theories maintained a conceptual 
connection between development and evolution as inextricably associated phenomena. 
This project develops three case studies. The first addresses the Swiss-German zoologist 
Theodor Eimer’s book Organic Evolution (1890), which sought to undermine the work of 
noted evolutionist August Weismann. Second, the American paleontologist Edward 
Drinker Cope’s Primary Factors (1896) developed a sophisticated system of inheritance 
that included the material of heredity and the energy needed to induce and modify 
ontogenetic phenomena. Third, the Russian biogeographer Leo Berg’s Nomogenesis 
(1926) argued that the biological world is deeply structured in a way that prevents 
changes to morphology taking place in more than one or a few directions. These authors 
based their ideas on extensive empirical evidence of long-term evolutionary trajectories. 
They also sought to synthesize knowledge from a wide range of studies and proposed 
causes of evolution and development within a unified causal framework based on laws of 
evolution. While being mindful of the variation between these three theories, this project 
advances “Definitely Directed Evolution” as a term to designate these shared features. 
The conceptual coherence and reception of these theories shows that Definitely Directed 
Evolution from 1890 to 1926 is an important piece in reconstructing the wider history of 
theories of evolutionary directionality.
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1. INTRODUCTION 
 1.1 Introductory Statement 
 One persistent and beguiling problem has occupied evolutionary theorists for the 
past two centuries: can evolution proceed in all direction, or are the possible outcomes of 
evolution limited along definite trajectories? Over the past thirty years, evolutionary 
developmental biologists have begun to understand the causes of what seem to be 
directional patterns in evolution (e.g. Maynard Smith et al. 1985; Hall 1992; Arthur 
2004). They argue that constraints on the production of new variation bias evolutionary 
outcomes, meaning that evolution cannot proceed in all directions. While this modern 
work is innovative and advanced in its integration of developmental genetics and 
evolutionary theory, Evolutionary Developmental Biology represents just the latest stage 
in the history of debates over directionality and constraints in evolution. One of the 
periods in which evolutionary directionality was most hotly contested was between 1880 
and 1930. Some thinkers in this period—the subjects of this dissertation—advocated the 
idea that evolution was deeply constrained due to the nature and origin of new 
morphological variation. This dissertation develops three case studies to explore this 
contested time in evolutionary theory, focusing on major works by Theodor Eimer 
(1890), Edward Drinker Cope (1896), and Leo Berg (1926). 
 Much of the debate over evolution from 1880 to 1930 concerned which 
phenomena were most important to explain within a comprehensive theory. Many 
possible competing explanations arose, depending on which phenomena were deemed 
relevant and central to a theory. Charles Darwin’s (1859) Origin of Species convinced 
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many scientists of the existence of evolution by descent with modification, but the 
capacity of his theory of natural selection to account for all evolutionary phenomena was 
still under intense scrutiny (Desmond and Moore 1994; Browne 1996, 2003). Beyond 
this, evolutionists were grappling with the understanding of basic questions concerning 
the underlying phenomena of evolution—the production of new variation in the 
developing organism, the passing on of hereditary material, and the role of differential 
survival in shaping species (Gould 2002). One major question remained unanswered: to 
what extent does evolution proceed in definite directions? Answering this question 
required evidence from a wide variety of branches of biology and the prioritization of 
certain explanations over others. How various biologists deployed these forms of 
evidence and developed nuanced theories to account for directionality is an 
underexplored aspect of the historiography of evolutionary theory, and the subject of this 
dissertation. 
 When the French zoologist Jean-Baptiste Lamarck proposed his theory of 
evolution in Philosophie Zoologique (1809), he argued that a tendency to progress 
towards perfection and increasing complexity was inherent in the process of evolutionary 
change (Hodge 1971). Directionality was central to his basic conception of nature, 
biological variation, and evolution. Half a century later, with the cause of heredity still 
unknown, Darwin held a view of variation where new forms originated in a seemingly 
undirected way (1859). Darwin did not conceive of new variation springing forth in a 
mathematically random sense, but he also did not view variation as fundamentally 
limiting the possible directions of evolution in a way that produced directionality 
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(Winther 2000). For Darwin, natural selection was the primary process causing change 
over evolutionary time.1 What happened after Lamarck and Darwin remains a vibrant 
area of historical and philosophical research, though little emphasis has been placed on 
the history of theories of evolutionary directionality. 
 By the 1880s, many scientists had converted to the idea of evolution as descent 
with modification as the basic framework for understanding the history of life. While 
Darwin’s cause of natural selection had gained support from evolutionists like George 
Romanes and August Weismann (Desmond and Moore 1994), alternative theories were 
widely held (Bowler 1983, 1988). Lamarck’s theory of use inheritance was prominent, 
though many “neo-Lamarckians” no longer viewed evolution as intrinsically progressive. 
Mutation theories, also known as saltationism, supported the idea that the evolution of 
new species might take place in rapid jumps or bursts of change. For example, Darwin’s 
loyal supporter Thomas Henry Huxley notably advocated a saltationist view of evolution 
(Desmond 1997). The Dutch botanist Hugo de Vries also espoused a view of evolution 
proceeding in bursts of major morphological change (Gould 2002). 
                                                
1 While this dissertation is not about Darwin, it necessarily involves Darwin’s theories. In 
the chapter five of this dissertation I discuss the way in which my central study subjects 
sought to position their theories with respect to Darwin. Often times, they used 
“Darwinism” synonymously with “evolution by natural selection,” though the extensive 
work on Darwin shows that his ideas on evolutionary causation were considerably more 
complex (Hodge 2008). By trying to accurately portray the evolutionary views of Eimer, 
Cope, and Berg, I represent their interpretation of Darwin’s work. As such, I do not 
correct any ways in which they misinterpreted Darwin’s original ideas. Throughout this 
dissertation, I use the term “neo-Darwinism” to mean the theory of evolution solely cause 
by natural selection. This is consistent with how the term was used in the early 20th 
century. 
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 Another set of theories, sometimes given the label “orthogenesis,” held that 
evolution was limited along certain trajectories due to causes internal to the organism. 
While some proponents of this theory were content to describe apparent trajectories of 
evolution, others developed comprehensive and nuanced theories to account for 
evolution’s directionality. A few of these theorists include: Wilhelm Haacke (1893), Carl 
Nägeli (1898), Theodor Eimer (1890), Henry Fairfield Osborn (1916), Othenio Abel 
(1929), Ludwig Plate, Otto Schindewolf (Schindewolf et al. 1993), and Victor Jollos (see 
Levit and Olsson 2006). Some theorists like the French philosopher and Jesuit priest 
Teilhard de Chardin articulated intensely progressive theories based on cosmic teleology, 
while others were concerned with developing a causal theory (1955). Given the inclusion 
of widely differing theories under the name “orthogenesis,” this term has lost a good deal 
of its coherence and will not be employed throughout this dissertation. Even detailed 
treatments of orthogenesis by Peter Bowler (1983) and Georgy Levit and Lennart Olsson 
(2006) are not clear on how the term should be defined. Because of the number and 
diversity of these theories, the central theoretical objectives and propositions in these 
historical theories are not immediately clear. This dissertation explores theories 
sometimes described as “orthogenesis,” but for the aforementioned reasons, I will not 
employ this vague and confusing term to describe them. What matters for our purposes is 
that Eimer, Cope, and Berg argued that evolution proceeds in definite directions. 
 Like the term “orthogenesis,” historians have used other terms like “vitalism” and 
“teleology” to describe certain theories of evolution taking place along trajectories (Mayr 
1982). As this dissertation shows, certain biologists were involved in developing theories 
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that contained aspects of vitalism and teleology. Inherently, theories of evolution as a 
definitely directed process will sound teleological, or goal oriented in its broad strokes. 
Cope’s energy theory of evolution, discussed below, certainly is consistent with aspects 
of vitalism. But the objectives of this dissertation require a focus on the detailed aspects 
of these theories to ascertain similarities and differences across the major texts by Eimer, 
Cope, and Berg. Consequently, determining whether or not, or to what extent, these 
authors were “vitalists” or “teleologists” does not do any meaningful work, since 
employing these terms often causes more confusion than clarity. As such, I will only use 
the terms sparingly, specifically in the cases where Eimer and Berg sought to distance 
their theories from vitalism (as they interpreted it) and establish their work as firmly 
rooted in materialistic, naturalistic causes. 
 This project focuses on theories of evolution in definite directions that were based 
in scientific naturalism, or the idea that natural, physical entities were the causes of 
evolutionary change. This emphasis excludes theories that held non-natural entities or 
causes to be the driving force of evolutionary change; de Chardin exemplified the view of 
evolutionary directionality proceeding due to cosmic, teleological, and mystical causes 
(Levit and Olsson 2006). De Chardin’s book The Phenomenon of Man (1955) developed 
an explanation of evolution proceeding toward the unification of consciousness in 
humans globally. The mystery of the goal directedness and the dubious causes that would 
produce this directionality left many strict materialists dissatisfied with this explanation. 
While these alternative perspectives would be an interesting set of theories to study, they 
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represent a group of ideas that were importantly different from theories based on efforts 
to establish fully naturalistic causes for evolutionary directionality.  
 Historians of biology have not yet investigated several basic questions concerning 
theories of definitely directed evolution from 1880 to 1930. This dissertation contributes 
to our understanding of evolutionary theory by answering one basic question: What are 
the shared conceptual features and epistemic objectives of theories of definitely directed 
evolution from 1880 to 1930? This dissertation shows that the central conceptual feature 
and explanatory motivation of three major theories of evolutionary directionality between 
1880 and 1930 was the following: morphological variation in the developing organism 
limits the possible outcomes of evolution in definite directions. Combined with other 
similarities across the case studies presented here (discussed below), this dissertation 
suggests that the shared features among these theories form a coherent and useful 
category for describing these theories. 
 Here I present an analysis of these features based on case studies of influential 
books in which theorists advocated definitely directed evolution. The second chapter, 
following this introduction, focuses on Organic Evolution by the Swiss-German zoologist 
Theodor Eimer (1890). The second case addresses American paleontologist Edward 
Drinker Cope’s Primary Factors in Organic Evolution (1896). The final case study 
analyzes Soviet biogeographer and taxonomist Leo Berg’s Nomogenesis (1926). These 
selected books were major treatises of mature theory written by evolutionists widely 
recognized, even by opponents of their views, as important contributors to evolutionary 
theory (Kellogg 1907; Dobzhansky 1969). To incorporate a variety of perspectives on 
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theories of evolutionary directionality in the decades surrounding the turn of the twentieth 
century, these three case studies cover the works of evolutionists spanning three countries 
and almost four decades. The central conclusion of this dissertation is that Eimer, Cope, 
and Berg all held the phenomenon and cause of new variation as central to their theories 
of evolution in definite directions.  
 Through this project, “variation” is used in two complementary ways. Eimer, 
Cope, and Berg all used this term as the central explanatory concern and epistemic 
objective of their theories of definitely directed evolution. They sought to substantiate 
evidence to argue that the process of producing variation was a core cause of the 
directionality of evolution. Beyond this, they included various ontological 
conceptualizations of the process by which new morphological features arise in 
organisms. The cases I explore show how various ideas of evolution in definite directions 
were conceived and how different types of evidence supported these ideas. As such, the 
discussion of “variation” included explanations of the relationship between the 
production of new forms in development and the outcomes of evolution over long periods 
of time. Beyond just the nature of new forms, Eimer, Cope, and Berg were all concerned 
with identifying the relationship between the production of variation and the maintenance 
of that variation over several generations. As I show, they all incorporated similar 
theoretical elements to account for these various aspects of morphological variation, 
though these theories were importantly different. 
 1.2 Central Findings 
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 The shared conceptual similarities of these theories of evolution in definite 
directions go beyond a simple concern with variation. In the conclusion of this 
dissertation, I outline six shared similar features of these theories, as displayed by my 
analysis of Eimer’s, Cope’s, and Berg’s major books. First, and most centrally, they were 
all deeply committed to the idea that any complete theory of evolutionary causation must 
include an understanding of how new morphological features originate. Second, they all 
drew heavily on extensive empirical evidence, from specific sources, of long-term trends 
in evolution. Third, they synthesized a range of concepts and evidence from various 
biological disciplines into one coherent theoretical framework. Fourth, Eimer, Cope, and 
Berg all utilized “laws of evolution” in their theories. Fifth, they were all deeply 
concerned with explaining the origin and maintenance of evolutionary innovation. And, 
sixth, they all held natural selection to be a real phenomenon, though not a dominant 
cause of evolution in definite directions. They sought to refocus the theory of evolution 
around the production of variation while maintaining a role for selection as operating in a 
limited scope.  
 Based on these 6 shared features, in the conclusion of the dissertation, I propose 
the term “Definitely Directed Evolution” (DDE for short)2 to signify the conceptual core 
of these theories. This term provides a distinction for historians between the vague 
concept of orthogenesis and the conceptually coherent and shared features of theories 
                                                
2 I capitalize the term “Definitely Directed Evolution” when referring to the set of 
theories that share the six features outlined in this dissertation. The term “definitely 
directed evolution,” when not capitalized, refers to the phenomenon of directional 
evolution. 
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similar to those of Eimer, Cope, and Berg. Utilizing this term DDE, which closely 
follows the language of my study subjects, allows for a more clear and thoughtful 
discussion of this complex period of evolutionary theorizing. I do not simply intend 
“DDE” as a replacement for “orthogenesis.” Instead, the utility of the term comes from 
its inclusion of the six central theoretical features of Eimer’s, Cope’s, and Berg’s 
theories.  
 These case studies provide a detailed discussion of the individual theories, thereby 
contributing to the current historiography on each of these individual authors (Bowler 
1977, 1979, 1983, 1988, 2013; Levit and Olssen 2006). They also show that theories of 
DDE involved multiple intellectual and evidentiary contexts. Eimer developed his ideas 
primarily based on zoological studies of living organisms across a wide range of phyla. 
Cope sought to show how American paleontology could contribute to theories of 
evolutionary causation, by developing a perspective on evolution through deep time. 
Berg brought extensive evidence from biogeography and taxonomy to bear on the basic 
laws of variation and evolution across wide geographic landscapes. Consequently, while 
this dissertation shows that these evolutionists developed remarkably similar theories, 
united under the term DDE, there were important differences among these three theorists. 
Clarifying the similarities among them allows for a more measured discussion of the 
differences, which become clear as I discuss each case individually. The conclusion of 
this dissertation summarizes the similarities and differences between Eimer’s, Cope’s, 
and Berg’s theories (see also Table 3). 
 1.3 The Cases 
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 First published in 1888 in German and translated into English by the British 
marine biologist Joseph Thompson in 1890, Eimer’s Organic Evolution was one of the 
most influential texts articulating a theory of evolution in definite directions between 
1880 and 1930 (Bowler 1983; Gould 2002). Eimer argued that laws of growth and 
development restrict the patterns of evolution, based on evidence of animal coloration 
patterns and morphological relationships among extant fauna. The mechanistic basis of 
evolution’s directional patterns stemmed from the inherent limitations to new variation 
imposed by the nature of development and growth. He integrated neo-Lamarckian use 
inheritance and natural selection within a developmental framework that severely 
restricted possible variation. His theory accounted for the specific causes of evolutionary 
innovations and the phenomena that displayed extensive limitations in morphological 
features.  
 One of Eimer’s central concerns in Organic Evolution was that the German 
evolutionist August Weismann’s3 ideas of heredity undermined a worldview in which the 
                                                
3 Some background on Weismann’s ideas is important for the context of chapter 2. Born 
in Frankfurt am Main in 1834, Weismann began medical school in Göttingen at the age 
of 18. He wrote his Habilitationsschrift and began teaching Zoology at the University of 
Freiburg, where he remained for his entire career. Between 1864 and 1874, Weismann 
had an eye illness that precluded him from microscopical work. Advised by Ernst 
Haeckel, Weismann turned to theoretical and philosophical biology and continued his 
advocacy of the theory of natural selection. He produced a series of lectures, essays, and 
books in the 1890s and 1900s that were known as speculative and sometimes 
contradictory in their details (Churchill 1999; Laubichler and Rheinberger 2006).  
 Weismann’s work on the germ plasm (as separate from the somatoplasm) was his 
most influential contribution to biology. This hereditary theory maintained that the germ 
plasm was passed on from generation to generation unchanged by the organisms’ 
interactions. It was from this doctrine that he argued against the inheritance of acquired 
characters as a cause of evolution. His work on the germ plasm (1893), germinal 
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cause of new variation was central to a causal theory of evolution. To rectify this, Eimer 
argued that the developing organism must be the centerpiece of any complete theory of 
evolutionary causation. In carefully analyzing Organic Evolution, historians see Eimer’s 
deep commitment to the opposition of Weismann’s ideas of evolution as wholly 
explicable through natural selection. The central issue Eimer raised against Weismann 
was that if new variation was not random, then the outcome of evolution would be 
primarily a result of the limited production of new variation instead of the result of 
natural selection. 
 Concerning Cope, after a lifetime of writing essays about evolution and 
evolutionary theory, he  synthesized previously expressed ideas into Primary Factors of 
Organic Evolution in 1896. Cope based his idea of evolutionary directionality on a notion 
of the acceleration and retardation of development influencing the possible outcomes of 
evolution along definite trajectories and parallel pathways. Primary Factors was a long 
argument for the importance of variation on evolutionary outcomes. His three-part 
analysis concerned the “nature”, causes, and inheritance of variation. Cope argued 
forcefully that natural selection could not create the variation from which it selects (1896, 
393); consequently, theories that synthesize various causes of evolution must consider the 
cause of variation. For Cope, the directionality of evolution stemmed from the basic 
phenomenon of variation. Using extensive paleontological evidence, Cope showed that 
                                                                                                                                            
selection (1896), and evolution generally (1904), is representative of this shift towards 
theoretical biology (see Robinson 1976; Laubichler and Rheinberger 2006). In his later 
work, Weismann established the neo-Darwinian paradigm as exclusive to alternative 
causes of evolution.  
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the production of new morphological forms was inherently limited. He explained 
evolution as a result of neo-Lamarckian use inheritance caused by the interaction of the 
organism with its environment. 
 Cope’s explanation of the inheritance of variation was quite complex, and 
distinguished his theory from Eimer’s and Berg’s significantly. In Primary Factors he 
developed an intricate and sophisticated “energy theory of evolution” that accounted for 
variation’s impact on evolutionary outcomes. Put simply, the energy theory sought to 
account for the first cause of change in an organism, which Cope viewed as energetic in 
nature. Organisms therefore passed on the energy and material of heredity. This energy 
theory of evolution was the centerpiece of Cope’s complex ontology of evolution, 
development, and heredity. Not only did he work to incorporate Weismann’s ideas on 
heredity; contrary to Eimer, his energy theory explained the cause of cellular division and 
differentiation. This theory of evolution in definite directions synthesized various 
concepts and theories as understood through paleontological evidence centered on 
providing a complete account of evolutionary causation. 
 The final case presented in this dissertation discusses Leo Berg’s theory in 
Nomogenesis (1926). Among these theorists, he was the most strongly committed to the 
notion that evolution was predominantly directional due to extreme limitations to the 
production of variation in the developing organism. Put differently, he viewed adaptive 
evolution as only a minor factor. He argued that organismal morphology is deeply 
structured, so much so that evolution is deeply constrained by the few possible forms into 
which an organism could change. In fact, Berg was so committed to evolutionary 
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limitations that he primarily viewed evolution as a convergent process, in which groups 
of dissimilar organisms become more similar over time. This put him in the minority of 
evolutionists at this time who mostly viewed the origin of evolutionary groups as 
“polyphyletic”4 and converging towards similar structures. Like Eimer and Cope, 
however, Berg also argued that the growth and development of organisms were caused 
and controlled by laws of nature. Berg’s idea of phylogenetic acceleration and retardation 
was based on the changing timeframes of development influencing the origin of new 
morphological variation. For him, phylogenetic acceleration caused the directionality and 
convergence of numerous organismal features.  
 The foundation of Berg’s argument in the first chapter of Nomogenesis was a 
philosophical attack on the logic and explanatory value of evolution as explained solely 
by natural selection. He argued on philosophical grounds that variation could not be a 
product of chance, but rather was deeply constrained by the production of new forms in 
development. Having undermined the sufficiency of neo-Darwinism as an explanation of 
evolution meant that a new theory of evolution was required to explain evolution as a 
highly constrained and directed process, and Berg sought to describe his theory of 
nomogenesis, or evolution according to law, as the most coherent and viable alternative. 
                                                
4 It is important to note that Berg used the term “polyphyletic” to mean that the group of 
organisms in question evolved from multiple different ancestors, not one. This does not 
preclude these groups from being natural or evolutionarily important, as a modern 
interpretation of “polyphyletic” would. Berg used “polyphyletic,” though the more 
appropriate term would be polygenetic. As I show below, Berg’s theory of evolutionary 
convergence implied that even polygenetic groups would evolve in similar ways, and 
hence the group would be united by common laws of evolution and constrained towards 
similar evolutionary outcomes.  
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Throughout Nomogenesis, Berg synthesized evidence from biogeography, embryology, 
and taxonomy into a theoretical framework of evolutionary causation focused on 
directionality. 
 The concluding chapter of this dissertation furnishes a recap of the central points 
articulated in these case studies. As a whole, this dissertation adds a new perspective to 
our historical understanding of the role of variation in the history of evolutionary 
theorizing between 1880 and 1930. These case studies show that Eimer’s, Cope’s, and 
Berg’s mature theories as displayed in their major books were more than simple 
descriptions of the phenomenon of evolution proceeding in definite directions. They 
articulated logically coherent mechanistic theories based on evidence available at that 
time. 
 Describing the relationship between Eimer, Cope, and Berg helps characterize the 
nature of their knowledge of each other’s work. Obviously, they were from different 
countries and worked actively on the problem of evolutionary directionality from the 
mid-nineteenth to mid-twentieth centuries collectively. Eimer and Cope began thinking 
about evolutionary directionality in the late 1860s and early 1870s. Both Cope (1896) and 
Berg (1926) quoted Eimer several times in their major books on evolutionary 
directionality. And Berg, who worked on the problem later, also referenced Cope’s work, 
as well as the work of American paleontologist Henry Fairfield Osborn, Cope’s protégé 
(Rainger 1991). While these three individuals did not work “together” on the problem of 
the directionality of evolution, there was a continuity of citations that united the three 
thinkers. For example, in a book review of Eimer’s Organic Evolution, Cope wrote: “we 
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regret that [Eimer] has not been apparently acquainted with his co-workers on this side of 
the Atlantic, as he might have derived some facts of use to him” (Cope 1890). Cope 
appreciated Eimer’s theory as working towards the shared objective to describe and 
explain evolution in definite directions. 
 1.4 Methodology 
 Because the arguments in Eimer’s, Cope’s, and Berg’s works were different, a 
broadly descriptive account of each person’s theory is given in individual chapters. Each 
analysis presents the material in its respective book in a way that maintains the continuity 
and coherence of the argument as each author originally presented it, allowing readers of 
this dissertation to recognize certain common structures within the three core descriptive 
chapters. In each chapter, I provide a broad introduction followed by a brief biographical 
introduction of the author under consideration. This contextualizes the text with respect 
to the author’s life and scientific work more generally, and clarifies their motivations. 
While each chapter focuses on one major book, I include discussions of relevant previous 
works by the author to elucidate that author’s theories. Understanding previous works is 
particularly integral to the chapter on Cope’s Primary Factors. Following the basic logic 
of each of these works, each case study chapter provides evidence for the shared 
conceptual features and the intellectual context of these ideas. 
 Four major criteria drove the selection of authors and books for these case studies. 
First, these authors argued that evolution proceeds along definite trajectories. They all 
self-identified as contributing to the theory of evolution in definite directions and were 
recognized among their contemporaries and in the historical literature as doing so. This 
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requirement of recognition constrained the selection of authors to major, intellectually 
influential, evolutionary theorists. Second, they each wrote a well-known major work 
clearly articulating a mature view of their evolutionary theory. This criterion guided the 
selection of people who developed their ideas over many years of thinking and writing 
about the subject. Third, the biologists under consideration were well-respected 
contributing members of the community of biologists. Including individuals who worked 
at the fringe of the growing field of evolutionary studies would have been inappropriate 
to characterize theories of directional evolution generally. Fourth, in order to characterize 
a theory at a particular time, this dissertation focuses on single texts that were read by 
their contemporaries. While a diachronic history of these theories would be an important 
contribution to the historical literature, this approach would present too many difficulties 
for answering the aforementioned driving questions.  
 Furthermore, this dissertation explicitly attempts to investigate individuals from a 
range of intellectual and historical backgrounds. Eimer, Cope, and Berg all developed 
their ideas based on related bodies of scholarship in zoology, paleontology, and 
biogeography, respectively. Given that the purpose of this dissertation is to describe the 
intellectual connections among theories of definitely directed evolution, selecting authors 
from one particular field of research would potentially skew the interpretive results. 
While it is true that any analysis based on case studies cannot pretend to be a 
comprehensive assessment, because Eimer Cope, and Berg represent three different 
evolutionary disciplines, the selection of these scientists as the primary authors under 
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consideration means that my analysis of important contributions to theories of 
evolutionary directionality is at least robust.  
 Toward the end of each chapter, I review the available contemporaneous book 
reviews of Organic Evolution, Primary Factors, and Nomogenesis to provide a general 
sense of the immediate intellectual reception of these books. The purpose of this short 
analysis is to consider which central features of each theory were immediately picked up 
as significant for a complete causal account of evolutionary phenomena. Scientists and 
other individuals reviewed these books in a wide range of periodicals, including journals, 
magazines, and newspapers. Analyzing these reviews shows that, on the whole, the 
central epistemic objective of these theories was certainly recognized by Eimer’s, Cope’s, 
and Berg’s contemporaries. The reviews were mixed in terms of the extent to which they 
supported the individual theories, but the overall objective of presenting a case for the 
role of the production of variation in determining evolutionary causation was, almost, 
universal. Consequently, these reviews support three broad features of the dissertation. 
First, they show the extent to which these theories were viewed as an important part of 
the ongoing discussion over evolutionary directionality and evolutionary causation. 
Second, they support my general analysis of the central shared feature among these 
theories, that a complete theory of evolutionary causation must incorporate a causal 
description of the origin of variation. Third, they provide historical context to each case 
study, showing the ways in which various critics adopted certain features of each of these 
theories. In the conclusion of this dissertation, I show that reviewers of these texts 
highlighted several of the main shared features among proponents of DDE, but not all of 
  18 
these features. This suggests that the full analysis of the shared conceptual features and 
epistemic objectives in theories of directional evolution as a project was not fully 
recognized at the time.  
 1.5 Contribution and Clarification 
 This dissertation contributes to the historical understanding of evolutionary theory 
in several important, though perhaps not immediately obvious, ways. The most 
significant contribution is the description of DDE advanced by this dissertation, 
especially the central role of developmental causation in these theories of evolutionary 
directionality. While each theory was idiosyncratic, they nevertheless displayed 
important conceptual similarities representative of a coherent and serious epistemic 
framework for thinking about and explaining evolutionary phenomena.5 Identifying these 
similarities across theorists from different countries, decades, and fields of biology 
provides an important conceptual tool for historians to describe evolutionary theory 
between 1890 and 1926. This analysis therefore provides a key description of one aspect 
of evolutionary theory in this time. 
 There is no shortage of books and articles describing the history of evolutionary 
theory, so why is the description of the shared features of theories of evolutionary 
                                                
5 I use the term “epistemic framework,” following Laubichler (2007), to encompass more 
than just the strict logic and specific examples used by an evolutionary theorist. In the 
cases studied here, more was going on than just logic and a few descriptions of 
phenomena. Rather, the individuals studied in this project each developed an entire 
system of thinking about the world, a way of generating knowledge about evolution that 
focused on the production of new variation as a central causal feature in the explanation 
of evolution. As such, “epistemic framework” encompasses more than just the theory to 
include the various ways of thinking advocated by the evolutionists discussed here. 
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directionality from 1890 to 1926 a worthwhile undertaking? Many historians of biology 
and evolutionary theory tend to focus on the Sage of Down house and the rise and trials 
of natural selection as the dominant cause of evolution (e.g. Mayr 1982; Bowler 1984; 
Ruse 1996; Gould 2002). The episodic history of evolutionary theory from this 
perspective tends to proceed chronologically through the following periods: evolution 
before Darwin, Darwin, post-Darwinian alternatives, the Modern Evolutionary Synthesis, 
and Post-Synthesis challenges/expansions. Other historians have focused on specific 
issues in evolutionary theory, such as: Darwin’s biography (Browne 1996, 2003; 
Desmond and Moore 1994; see also Hodge and Radick 2009), the alternatives to 
Darwinism (Bowler 1983), population genetics (Provine 1971), the Modern Evolutionary 
Synthesis (Mayr and Provine 1980; Smocovitis 1992, 1996), evolutionary developmental 
biology (Hall 1992; Laubichler and Maienschein 2007b), paleobiology (Sepkoski and 
Ruse 2009; Sepkoski 2012), and evolutionary systematics (Hamilton 2013). These 
excellent volumes have contributed to a significant understanding of the architecture of 
evolutionary theory over the past two centuries. Certainly, this historiography has rightly 
noted the debates over variation in evolutionary theory’s history. However, many aspects 
remain underrepresented in this literature. One area of the historiography of evolutionary 
theory that remains underdeveloped is theories of evolutionary directionality. 
 Readers may wonder where this dissertation fits with respect to the historiography 
of evolutionary theory. In the concluding chapter of this project, I argue that the 
conceptual coherence of “Definitely Directed Evolution” prompts further study of the 
history of theories of evolution in definite directions. This dissertation provides an 
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important conceptual foundation for that wider study. But understanding where Eimer, 
Cope, and Berg fit into the present historiography is a worthwhile endeavor.  
 In terms of the episodic historiography of evolutionary theory, ideas of evolution 
that did not emphasize Darwin’s theory of natural selection between 1880 and 1930 are 
just considered alternatives to Darwin. Because the emphasis in books like Peter 
Bowler’s The Eclipse of Darwinism (1983) is still on Darwin’s theory, the conceptual 
coherence and legitimacy of these alternatives is uncertain. Certainly within this 
framework, the conceptual similarities across these ideas—which would develop a 
description of certain theories as I have done here with DDE—are absent or, at best, 
vague. Because the dominant narrative emphasizes the Modern Synthesis, the influence 
and coherence of these so-called “alternatives” remain inchoate. As such, this project 
works to clarify the core epistemic objectives and conceptual similarities of theories of 
evolutionary directionality without directly engaging the standard narrative of these 
theories as simply alternatives to Darwinian natural selection.  
 Given that the central conceptual similarity of theories of DDE was the inclusion 
of a causal role of variation in development in shaping and constraining the outcomes of 
evolution, we might be tempted to compare DDE with modern-day Evolutionary 
Developmental Biology or “Evo Devo” (see Hall 1992; Arthur 2004; Laubichler and 
Maienschein 2007b). Surely, there is a genuine comparison between the two approaches, 
notably: (1) DDE and Evo Devo took the phenomenon of variation as a necessary 
component of evolutionary causation, and (2) both approaches see directionality or 
constraints to the production of variation in evolution as a real phenomenon. But the 
  21 
causal story of the relationship between DDE and Evo Devo remains unclear. The 
historiography of Evo Devo (Hall 1992 2000, 2008; Love 2006; Laubichler and 
Maienschein 2007b; Laubichler 2009) often focuses on the historical relationship 
between embryology, developmental biology and evolution—though the approach does 
not exclude other disciplines (Love 2007). This strategy is an excellent starting point, 
since embryology is central to the approach. Because of this focus, however, this 
historiography has not included certain historical figures who advanced some of Evo 
Devo’s core concerns but were not themselves embryologists or developmental 
biologists.  
 Based on these broad historiographical considerations, I have purposely excluded 
historiographical analysis from the case studies below. Instead, I focus on accurately and 
fully describing Eimer’s, Cope’s, and Berg’s complex and nuanced theories of evolution 
in definite directions. Doing so facilitates a fresh discussion of the conceptual similarities 
and differences between these theories without getting caught up in wider interpretive 
issues that sometimes plague the standard narratives of the history of evolutionary theory. 
Were these figures orthogenesists? Were their theories “eclipsing Darwinism”?6 
Answering these questions is unproductive because it embroils the analysis in matters of 
historiographical interpretation that hinder an unbiased interpretation these theories. 
Instead, I work to describe these theories on their own merits. What I show is the core 
logic and epistemic framework of these theories of DDE. I conclude that the similarities 
                                                
6 This problematic metaphor describing alternatives to neo-Darwinism gained popularity 
in evolutionary theory’s historiography via Bowler (1983).  
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displayed by this analysis across these theories of DDE provide a framework and 
motivation for writing a history of theories of evolutionary directionality from Lamarck 
to the present. 
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2. THEODOR EIMER’S ORGANIC EVOLUTION 
 2.1 Introduction 
 No history of theories of evolutionary directionality would be complete without a 
discussion of Gustav Heinrich Theodor Eimer’s work. Historians widely recognize Eimer 
as one of the leading contributors to theories of definitely directed evolution in the late 
nineteenth century, both in Germany, and through the translation of his major book 
Organic Evolution into English, in European and American science more generally 
(Bowler 1979, 1983; Gould 2002; Levit and Olsson 2006). Eimer’s contemporaries 
similarly viewed his theory of directed evolution as important to the development of 
evolutionary considerations (Kellogg 1907). The core logic of his theory was the view 
that the origin of variation in development must be central to any comprehensive causal 
theory of evolution. Eimer viewed the directionality of evolution as stemming from a 
series of laws of growth and development that describe the basic phenomena of evolution 
as biased and constrained due to inherent limitations to variation. While historians often 
describe Eimer’s views as directly opposed to Darwin’s theory of natural selection, this 
chapter shows that he sought to synthesize natural selection within a broad framework of 
evolutionary directionality that centered on the production of new variation. This chapter 
analyzes the book Organic Evolution to reveal the central argumentative features and 
epistemic objectives of Eimer’s theory. For Eimer, evolution’s directionality stemmed 
from the inherent biases in the production of new variation, which he described in several 
laws of evolution.  
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 This chapter examines Eimer’s book in several respects. After a brief introduction 
and biographical background, I discuss the introductory chapter of Organic Evolution, in 
which Eimer described the intellectual context of his work. Then I analyze the core 
theoretical components and epistemic objectives of his theory of evolution. A brief 
discussion of the evidence of directed evolution turns our attention to the scientific 
substantiation offered in support of his view. Finally, I discuss the reception of Organic 
Evolution through an analysis of several book reviews. Throughout this chapter, I also 
show that Eimer sought to synthesize a wide range of concepts and theories within one 
coherent framework of evolutionary change. He employed laws and causes within a basic 
ontology of biology that integrated heredity, development, and evolution. Furthermore, 
this theory sought to explain a variety of other important evolutionary phenomena, such 
as speciation, the origin of innovation, adaptation, neo-Lamarckian inheritance, and 
natural selection.  
 Fundamentally, Eimer argued that evolution proceeded in certain definite 
directions based on observations and theories concerning the nature and origin of 
variation. The core of his theory was a relatively straightforward logical inference: if the 
origin and maintenance of variation is constrained through the process of development, 
and is not multifarious, then these limitations to variation bias the outcomes of evolution 
along major trajectories. He described these long-term trajectories as “laws” of 
development and evolution. Another major conceptual project in Eimer’s book was to 
provide evidence for the inheritance of acquired characters, which he viewed as a 
component of describing the causes of new variation in the developing organism. He 
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argued that changes to the physical and chemical makeup of an organism’s environment 
produce new variation. Like many supporters of the inheritance of acquired characters, 
Eimer focused closely on the influence of changing environmental conditions on the 
developing organism. Because his book dealt primarily with variation, Eimer also 
endeavored to articulate a coherent and plausible account of the inheritance of that 
variation. As such, his theory focused on neo-Lamarckism and theories of directed 
evolution, though natural selection was a functioning cause of evolutionary change in his 
theory. 
 Following the structure of Organic Evolution, this dissertation chapter begins 
with Eimer’s perceived context. He was deeply concerned that Weismann’s germ plasm 
theory of inheritance did not adequately account for the cause of, and limitations to, 
variation. Furthermore, he was deeply critical of Weismann’s (1882) position that natural 
selection was causally sufficient to produce observed evolutionary phenomena. Similarly, 
Eimer was dissatisfied with Nägeli’s notion that species proceed toward perfection. With 
the flaws of the alternatives established early, Eimer then moved on to articulate his own 
view of evolutionary causation based on evolutionary directionality. 
 This dissertation chapter also discusses the basic features of Eimer’s argument, 
the idea that development or growth functionally limited the possible types of new 
variation that was able to occur. Growth in ontogeny and phylogeny were two sides of the 
same phenomenon. He viewed growth as deeply structured, and hence only able to 
proceed in definite directions or limited trajectories. This conception of nature was the 
backbone of his “law of growth”.  
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 Then, I show how Eimer discussed the causes of new species as distinct from the 
laws that govern the structures that appear first and in which order. His laws of new 
species formation, therefore, were distinctly different from the causes of genepistasis – 
his word for species formation. I describe the nuanced difference between laws and 
causes in Eimer’s theory below. The basic idea was that direct physical causes external or 
internal to the organism would drive a subgroup of a species through a new stage of 
growth, thereby leaving behind the other members of the species in a position of relative 
stasis. Eimer viewed this process as fundamentally adaptive, which led to the next major 
section of his argument. He held that any transformation of an organism in response to its 
environment constituted adaptation, and hence adaptation was a pervasive and all-
encompassing part of his theory. To this end, he argued that Weismann’s neo-Darwinian 
conception of adaptation was only referential to the species, not the individual, was 
fundamentally different from his own conception of the species and the individual. Eimer 
restricted the notion of adaptation simply to the level of the species because he saw the 
separation of the causes in ontogeny and phylogeny as a major problem.  
 The final section of this dissertation addresses the reception of Organic Evolution 
by analyzing reviews of the text in journals, magazines, and newspapers. These reviews 
reveal that biologists at the time recognized this text as a major attack on Weismann’s 
theory of the continuity of the germ plasm. The question of the validity of neo-
Lamarckism in the face of Weismann’s theories was clearly a pivotal discussion in 
evolutionary theory at this time. While not all reviews were positive, several emphasized 
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the central goal of Eimer’s text, to articulate the laws of variation and the causal role 
variation plays in evolution in definite directions.  
 With the goals of this chapter in mind, I turn now to a brief biographical 
introduction to contextualize Eimer’s evolutionary thinking in his personal history.  
 2.2 Biographical Sketch 
 Gustav Heinrich Theodor Eimer was born to Heinrich and Albertine Eimer (née 
Pfenniger) on 22 February 1843 in the small town of Stäfia, near Zurich. At the age of 19, 
he matriculated at the University of Tübingen, but spent the next several years studying at 
universities in Freiburg, Heidelberg, and Berlin with the noted biologists Franz von 
Leydig, Rudolph Virchow, and August Weismann. Following in his father’s footsteps, 
Eimer received his medical degree in 1867, which he used for several years as an army 
doctor. This background fostered in Eimer an early familiarization with and appreciation 
of histology and physiology, the subjects of his first scientific papers (Churchill 1990). In 
1870, he received a habilitationsschrift in zoology and comparative anatomy from the 
University of Würtzburg working with Albert von Kölliker. Several years later, Eimer 
took over for Leydig as professor of comparative zoology at Tübingen, where he worked 
until his death in 1897 from an intestinal disorder. One of his students at Tübingen, 
Countess Dr. Maria von Linden, wrote in Eimer’s obituary that his years in Tübingen 
were pleasantly passed as a dedicated teacher with a loyal following of students (Linden 
1898). Eimer taught predominantly zoology and comparative anatomy throughout his 
time at Tübingen, turning away from his earlier studies in histology and physiology 
toward research in comparative zoology. Given that Eimer’s last book on evolution in 
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definite directions was published posthumously (Eimer 1901), it is appropriate to say that 
he worked throughout his entire career on the problem of evolution in definite directions.  
 Eimer’s theorizing about directed evolution began in 1871 when he traveled to the 
island of Capri to convalesce after an illness forced an early retirement from the Army. 
The Eimers returned to this small island several times over the subsequent decade, and it 
was a beautiful place for Theodor to delve into his first fully independent and 
comprehensive studies of specific organisms. There, he researched coelenterates from the 
bay of Naples and lizards from Capri, eventually producing monographs on both sets of 
organisms (Eimer 1873, 1874). Eimer). Eimer’s investigation into variation stemmed 
from observations on the coloration patterns of the wall lizards (Lacerta muralis corulea) 
on the Faraglioni Cliffs near Capri. Eimer’s 1874 monograph titled Zoological Studies on 
Capri: Lacerta muralis corulea: A Contribution to Darwinian Theory was his first work 
describing definitely directed evolution. In this study he described a race of lizards that 
live on the isolated rocks of the Faraglioni Cliffs, which, as compared to lizards on the 
mainland, had darker and bluer skin. He interpreted this “racial variation,” to use his 
term, as a product of directed growth patterns, and argued that selection alone could not 
produce these patterns. These observations, he thought, required a revision of Darwinian 
theory (Eimer 1874), which held that variation occurred in many directions at once. 
Eimer expanded upon his preliminary theories of directed evolution in the wall lizards of 
Capri early in the 1880s, and subsequently published several articles on a variety of 
animals regarding their definitely directed evolution (Eimer 1881, 1898). This work 
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started him on a path toward understanding the production of, and limitations to, 
biological variation. 
 2.3 Introducing Organic Evolution 
 Both the introduction to Eimer’s Organic Evolution and the translator’s preface 
provided illuminating perspectives on his motivations for writing the book, the central 
ideas of his theory, and why the book was translated into English. Eimer’s own 
introduction revealed a deep commitment to understanding how the nature and cause of 
variation produce laws of growth and evolution. The translator’s preface, by contrast, 
focused on the arguments for the inheritance of acquired characters, leaving the 
discussion of evolution in definite directions essentially unmentioned.  
 The first sentence of Organic Evolution firmly established the central purpose of 
the book: “it seemed to me a long time ago of the greatest importance to undertake an 
investigation of the question whether the modification (variation) of the species of 
animals is not governed by definite laws” (Eimer 1890, 1). Contrary to the work of 
prominent supporters of Darwin, Eimer inferred that variation did not take place in all 
directions, but only a few. Consequently, the law-based production of new variation 
limited the direction of novel features. Eimer’s investigation into the laws of variation 
was designed to probe the primary cause of change in organisms. He was eager to counter 
the notion that selection could influence the cause of variation, arguing that “zealous 
adherents of Darwin make the mistake of thinking that selection could have the power to 
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create new variation” (Eimer 1890, 2).7 This point clearly established the focus of the 
book as squarely on the cause of new variation and the laws that guide its generation. 
Within the first two pages, Eimer laid out the theoretical foundations of the entire book to 
come: (1) the nature and causes of variation have major implications for understanding 
evolutionary outcomes, and (2) natural selection cannot fully account for evolutionary 
dynamics unless variation is multifarious. This was a similar argumentative approach to 
that used by both Edward Drinker Cope and Leo Berg, as I show in the following 
chapters. 
 Eimer made a large epistemic inference at the outset of his work that set the tone 
for the ideas in his book. He wrote, “if we could know all the natural laws which have 
operated in evolution, and which operate in the existence of a single animal or a single 
plant, we should understand the laws of the organic world altogether” (Eimer 1890, 3). 
Through this idea, Eimer introduced his work on the wall lizards of Capri, which he had 
undertaken nearly two decades earlier. The results of his initial study of these lizards led 
him to recognize the role of laws in the production of variation. These laws led him to 
conclude that, generally, “variation takes place in definite directions that are few in 
number” (Eimer 1890, 4). 
 The translator’s preface to Organic Evolution, written by the British marine 
biologist Joseph T. Cunningham, details one of the central purposes of the book and its 
value for Anglophone audiences. Cunningham declared Eimer’s perspective to important 
                                                
7 By “zealous adherents of Darwin,” Eimer meant neo-Darwinians who argued that 
natural selection was sufficient to explain evolutionary phenomena. 
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to stop the British biologists and other interested Anglophones from uncritically 
accepting the theories of August Weismann as a complete explanation of evolutionary 
causation. Specifically, Cunningham thought Eimer’s work undermined Weismann’s 
attempts to discredit or disprove the theory of the inheritance of acquired characters. 
Cunningham’ preface did not discuss definitely directed variation, laws of variation, or 
evolution along limited trajectories. Instead, he focused on the aspects of the book that 
advocated the inheritance of acquired characters. The debate over the inheritance of 
acquired characters was a topic of lively conversation and debate, one that Cunningham 
wanted to keep in the public eye. 
 2.4 Eimer’s Perceived Context 
 After introducing the central purpose of the intellectual work in Organic 
Evolution, Eimer situated his ideas with respect to other well-known theories of 
evolutionary causation at the time. Specifically, the first chapter discussed the work of 
the German botanist Carl von Nägeli and Eimer’s one-time teacher Weismann. Both 
Nägeli and Weismann were well known and respected evolutionary theorists in the 1880s 
(Churchill 1999). Positioning his theory with respect to Nägeli and Weismann was an 
important argumentative strategy in several respects and allowed Eimer to show how his 
theory was a moderate position, in between those of these other two theorists. First, it 
showed how his work engaged directly and competitively with that of two high-level 
thinkers in the German tradition of evolutionary theory. Second, by distinguishing how 
his work differed significantly from Weismann’s and Nägeli’s, Eimer suggested that his 
views contributed to the progress of evolutionary thought. Third, positioning his views in 
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this way showed how his theory could explain phenomena left unexplained by 
Weismann’s and Nägeli’s theories. Finally, it showed that Eimer’s theory of variation 
was a moderate and sensible alternative when compared to Weismann and Nägeli. As 
such, Eimer’s discussion of their work reveals important epistemic motivations. 
Discussing Eimer outside the context of his aforementioned competitors would miss an 
important aspect of Eimer’s argument and his perceived contribution to evolutionary 
theory.  
 Eimer was particularly concerned with Weismann’s theory that the germ plasm 
was the central unit of inheritance and evolution. He provided a careful explanation of 
Weismann’s theory stemming from the latter’s mid-1880s exposition on the topic (Eimer 
1890, 9). For Weismann, the germ cells were the purveyors of inheritance and were not a 
product of the body cells, but something fundamentally different. Eimer argued that the 
germ plasm theory of inheritance, as proposed by Weismann, made any theory of 
variation exceedingly complex and problematic. 
 Eimer argued that the notion that the germ plasm cannot be influenced by body 
cells, or the environment, made any explanation of variation deeply problematic because 
it required multiple different causes of variation for sexual and asexual organisms. 
Weismann explained variation in animals as a product of sexual mixing (Weismann 
1882; Winther 2001). While Eimer did not disagree that sexual mixing contributes to 
variation, he took issue with considering it the sole or even primary cause of generating 
new variants. Was this the case, he argued, the cause of variation for low organisms (in 
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terms of complexity) would be fundamentally different from the generation of variation 
in complex, multicellular organisms (Eimer 1890, 10). Eimer wrote:  
Weismann does not deny that the unicellular beings change in consequence of the 
direct influence of external agencies; on the contrary, he ascribed to them explicitly 
this property [c]According to Weismann, the difference between the unicellular and 
the germ plasm of the multicellular is a fundamental one—for the former other laws 
hold good than for the latter. (Eimer 1890, 11)  
 
Given this conceptualization of variation, Eimer argued that Weismann’s view would 
require a major shift in the structure of the germ plasm in the evolutionary transition from 
asexual to sexual organisms, a view for which there was little evidence. 
 Eimer designed much of his argument in Organic Evolution to explicitly counter 
Weismann’s theory that the germ plasm could not be influenced by the life of the 
organism. He wrote:  
The germ plasm cannot possibly, in my view, remain untouched by the influences 
which are at work on the whole organism during its life. Such an immunity would be 
a physiological miracle, merely on the account of the morphological relations of the 
animal ovum and spermatozoon, and their dependence on the nutrition process of the 
body. (Eimer 1890, 13)  
 
Eimer devoted sections 4 through 8 of Organic Evolution (1890, 78–378) to providing 
evidence that an organism acquires characters through the interaction of the organism in a 
specific environment and that these acquired characters can be inherited. The acquisition 
of new characters and their inheritance across generations were features central to 
Eimer’s thinking precisely because he sought to develop a comprehensive synthesis of 
theories of variation and evolution. 
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 Eimer also sought to compare his ideas to Nägeli’s, another proponent of 
evolution in definite directions. Nägeli’s theory of variation was quite different to 
Weismann’s, and was similar to Eimer’s in conceptualizing evolution as proceeding in 
definite directions. As Eimer put it,  
according to[Nägeli], internal causes depending on the nature of the organic 
substance effect the transformation of the “strains” (individuals, species, families, 
etc.) in definite directions. Such “internal causes” must necessarily be supposed 
merely on the ground that the modifications or variations of the strains do not actually 
take place in definite directions and are not irregular. (Eimer 1890, 14)  
 
On the surface, then, Nägeli’s basic idea of evolution in definite directions was similar to 
Eimer’s.  
 Eimer opposed Nägeli’s theory on one central theoretical idea, the “principle of 
perfection.” Eimer described Nägeli’s theory as arguing for evolution proceeding toward 
increasing “perfection” or “improvement.” The central problem with this theory, 
according to Eimer, was a large and lingering question: if the predominant force in 
species transformation was the procession toward perfection, then why were there still 
simple organisms in the world? While Nägeli argued for abiogenesis—the production of 
new, simple organisms from non-organic substances—Eimer disagreed. He considered 
this type of spontaneous generation impossible. The debate over abiogenesis raged for 
decades before the 1880s, but by the late 1880s, when Organic Evolution was published, 
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the theory had lost favor due to a lack of concrete evidence despite a considerable 
number of experimental trials.8  
 Furthermore, Eimer distanced his theory from Nägeli’s because he did not want to 
be thought of as advocating a “vital force” in nature. Eimer argued that because Nägeli’s 
views held the material of heredity to be uninfluenced by external causes, Nä vie’s theory 
necessarily relied on some vital force. The notion of a vital fluid influencing variation 
had been popular in the nineteenth century, but by the late decades of that century, an 
increasing number of investigators shied away from the idea, preferring instead to base 
their ideas on mechanistic and concrete causal connections. Eimer sought to clarify that 
he was fundamentally a mechanistic thinker who did not rely on vague notions of internal 
causality based on non-physical interactions. Nägeli, Eimer argued, relied on vague 
internal causes that might be thought equivalent to non-physical vital forces and 
Weismann viewed sexual mixing as the only cause of variation for those organisms. 
Eimer’s attempt to distinguish his work from theories proposed by Weismann and Nägeli 
showed that he was focused on the origin of variation as central to evolutionary 
causation. The inability of Nägeli’s and Weismann’s theories to adequately account for 
the cause of new variation undermined the ultimate adequacy of their ability to explain 
evolution. 
 Eimer further positioned his theory by relating the explanatory value of 
Weismann’s and Nägeli’s’s theories to each other. As he viewed it, Nägeli’s s system of 
                                                
8 James Strick (2002) provides extensive background on the debate over spontaneous 
generation.  
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ideas explained two major gaps in Weismann’s theory: (1) variation in definite directions 
and (2) the origin of new characters (Eimer 1890, 19). Eimer sought to set these as central 
epistemic goals for his theory. He wanted to explain these phenomena without resorting 
to what he considered vitalism or vague materialism, as Nägeli did.9 Relating his own 
ideas first to Nägeli’s and Weismann’s revealed to his audience the central goals for the 
book and why his theory matters. Eimer argued that his theory provided a convincing 
explanation for the central failings of Weismann’s and Nägeli’s theories. 
 2.5 Eimer’s Core Theory of Evolution in Definite Directions 
 Section 2 of Eimer’s book outlined the basic causes of variation and evolution by 
describing the fundamental processes by which new variation originates. These core 
causes provided the foundation on which Eimer developed his theories on several 
important and related subjects, including: development, directed evolution, laws of 
variation and development, adaptation, and selection. This section of the dissertation 
outlines the basic conceptual features of Eimer’s theory of variation by tracing the 
argument in Organic Evolution. 
                                                
9 It is noteworthy to point out that Eimer’s ideas and other theories of definitely directed 
evolution were sometimes considered part of vitalism. Ernst Mayr, for example, 
described the ideas of certain orthogenesists as merely teleological vitalism (1982). The 
assessment of whether certain thinkers like Eimer or Cope were or were not vitalists goes 
beyond the scope of this chapter, in part due to the lengthy and complex analysis of what 
“vitalism” is. What is important for this chapter is to note that Eimer sought to distinguish 
his work as fundamentally different from Nägeli’s because he wanted to clearly identify 
the causes by which new variation is produced. Eimer interpreted vitalism as inherently 
problematic and vague with respect to causes and materialism, and hence he wanted to 
distinguish his work as different from that perspective. 
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 In a subsection titled “Fundamental causes of the manifold variety of organic 
forms” Eimer wrote the following major framework for his theory. The lengthy quotation 
that followed provides us with the basic framework for Eimer’s entire theory and 
extrapolations established off these central premises.  
According to my conception, the physical and chemical changes which organisms 
experience during life through the action of the environment, through light or want 
of light, air, warmth, cold, water, moisture, food, etc. and which they transmit by 
heredity are the primary elements in the production of the manifold variety of the 
organic world and in the origin of species. From the materials thus supplied the 
struggle for existence makes its selection. These changes, however, express 
themselves simply as growth. As individuals grow so the whole world of organic 
forms has grown from so simple beginnings [...].Warmth, air, light, moisture, food, 
condition the growth of the individual being—appear before our eyes as the 
mightiest impulses which determine the manifold variety of the forms of living 
beings. They condition growth through physical and chemical change of the living 
organic mass, the plasma, through the formation of new and more complex 
compounds. (Eimer 1890, 22) 
 
This quotation lays out the basic formulation of causation for variation and evolution 
according to Eimer, which should be distinguished from his laws of growth discussed 
below. In this he outlined the basic ontologies that matter for the production of new 
forms, and from this basic ontology he built the edifice of his subsequent theories. As 
Eimer did in Organic Evolution, this dissertation chapter has traced out his explanation of 
evolution by exploring the basic conclusions that stem from this theory.  
 To begin with, the explanation of evolution directly followed from Eimer’s 
ontology of new variation. Because the external conditions of existence (physical, 
nutritive, etc.) change over time, so too does the production of new variation. This new 
variation becomes the raw material for subsequent generations of interacting organisms, 
inherently different from previous generations. This change over time is evolution and 
  38 
natural selection only then impacts the varieties that thrive or perish. This basic logic that 
changing external conditions produce new variations that produce evolution leading to 
new, changed conditions was the centerpiece of Eimer’s logic.  
 Eimer’s basic ontology held growth as the central piece around which the basic 
causation of variation and evolution pivoted, and it was out of this growth that evolution 
gains its quality of being definitely directed. The limitations to growth were a component 
of Eimer’s theory wedded to his basic conception of organic form. He argued that 
physiochemical processes and patterns inherently limited the forms of new variation. 
Furthermore, new variants arise first as modified growth. Anything new must first come 
to be through a modification of development. Consequently, the  
origin of species must obey the same laws as the laws of growth; it was the 
consequence of unending dissimilar growth of the organic world taking place under 
changed conditions with the postulate of permanent separation of dissimilar links of 
the growing chain of this organic world. (Eimer 1890, 23)  
 
Because the process of development proceeded according to laws (as discussed below) 
and not randomly or haphazardly, the ways in which growth and development could be 
modified to produce new variation was inherently limited. Because variation was limited, 
evolution was necessarily definitely directed.  
 Eimer used an analogy to describe the limitations imposed on variation by 
growth. He argued that organisms grew like crystals, only in limited possible directions.  
Just as in inorganic nature from different mother lyes different crystals separate, as 
even simple mechanical shock can produce dimorphous crystallizations, so crystalize 
[...] in the course of ages, organic forms, to a certain degree different, out of the 
same original mass. Only the organism works with much more complex material, 
with a much greater variety of compounds. The greater delicacy and multiplicity of 
the organic process determine other and more manifold forms in the organic world. 
(Eimer 1890, 23) 
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This quotation reveals the nature of the analogy between new variation and the process of 
chemical crystallization. Eimer was not just saying that they were similar; he was saying 
that organic variation was an extension and much further complication of chemical 
limitations. Variation was limited both by chemical and biological structural 
requirements, not just chemical ones. For example, Eimer discussed the principle of 
correlation throughout his entire book as a central biological principle that limited growth 
in certain directions, a topic of interest in the subsection immediately below. 
 With these central logical relationships of his theory made clear, Eimer proceeded 
in subsequent chapters to build on this central framework to expand his theory to related 
aspects of his thinking. I now turn to address different aspects of Eimer’s theory 
individually. 
  2.5.1 Development and Growth 
 The single most significant extrapolation from Eimer’s basic logic discussed 
above was the role of development or growth in determining and producing evolution in 
definite directions. Importantly, Eimer used the term “growth” to signify both the 
increase in size and the differentiation of parts, an unfortunate conflation that no doubt 
infuriates modern developmental biologists who read his work. He wrote:  
By growth I mean every physiological change of structure which is naturally 
produced in a given organism by external influences or by constitutional causes, 
which is not morbid and accidental, and which is permanent or only temporary 
because it proceeds a further stage of modification. (Eimer 1890, 379)  
 
This quotation displays his inclusive use of the term “growth” to mean both growth (by 
the modern sense) and development. But this definition showed that growth was 
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necessary for evolutionary change as well, since evolution was the extension of growth 
over many generations. 
 For Eimer, ontogeny had two causes. As discussed in the quotation above, 
alterations to growth took place given the external conditions in which an organism 
grows. The mechanical cause of unaltered normal ontogeny, however, was the 
phylogenetic growth of the species as present in the hereditary material of the organism. 
The transformations in growth that took place across millennia and the ages of the Earth 
became hereditary through the process of the inheritance of acquired characters. As the 
modifications in ontogeny became inherited, they were added to the normal process of 
ontogeny through what Eimer called “constitutional impregnation,” discussed in detail 
below. The following quotation relates Eimer’s thinking in this respect.  
The repetition in the development of the individual in ontogeny of the ancestral 
development, phylogeny, consists at the same time in the compressed abbreviated 
exhibition of the characters acquired by the whole series ancestral and transmitted to 
the developing individual. Phylogeny is the mechanical cause of ontogeny. (Eimer 
1890, 26) 
 
This basic line of theorizing was similar to concepts advocated by Cope and Berg, as will 
be explored in subsequent chapters. 
 While phylogeny was the cause of ontogeny, Eimer identified the proximate 
conditions needed to produce growth.  
Thus, two things are necessary to produce growth (1) the given composition of the 
organism; (2) the action of stimuli (food being considered as a stimulus). It was in 
reference to the former that I described in previous works some of the causes of the 
modification of forms as “internal” or “constitutional.” (Eimer 1890, 380) 
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By “constitutional causes,” Eimer meant that the hereditary material that imposes order 
and regularity on the process of ontogeny. This heredity material and constitution was the 
result of acquired characters becoming heritable over time.  
The constitution of the body, which has so important an influence in determining the 
course of growth in an organism, is to a very great extent the result of the inheritance 
of characters from ancestors; to a small extent it is due to the acquirement, i.e. 
modification, during individual life, or is the consequence of the mingling of the 
characters of the parents. This latter small element in the constitution of the body is 
the cause of individual variation; but it is of the greatest importance, because it 
depends essentially [on] the continuous modification of form. (Eimer 1890, 380–81)  
 
This conceptualization of development relied necessarily on the idea that characters 
acquired in an organism’s life were inheritable, a theory for which Eimer produced 
extensive evidence in the central chapters of Organic Evolution. Because of this 
connection between ontogeny and phylogeny, however, any evidence as to the nature of 
ontogenetic growth or modification directly impacted his consideration of phylogeny and 
vice versa. Throughout this book, Eimer presented evidence for both the processes of 
ontogeny and phylogeny that suggested these phenomena were highly structured and 
therefore inherently limited along certain trajectories. Growth, both phyletic and 
ontogenetic, could not proceed in any direction, but only a few. 
  2.5.2 Growth as Definitely Directed 
 Two features of Eimer’s theory were central for his explanation of growth as a 
deeply structured phenomenon: the principle of correlation and the laws of growth. A 
careful discussion of these ideas provided a meaningful account for both how and why 
development and evolution were definitely directed, according to Eimer. 
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 The principle of correlation exemplified Eimer’s theory of development as 
inherently structured and limited. Eimer defined “correlation” early on in Organic 
Evolution as “the principle that the characters of the living being are so connected with 
one another that one determines the other” (Eimer 1890, 13).10 The idea of correlated 
features persisted throughout various chapters in Eimer’s book, though the most 
significant discussion of correlation arose in his discussion of rapid or intermittent 
evolution, which some might consider evolution per saltum (Greek for “jump”) (Eimer 
1890, 42–49). The basic idea of saltationism, according to Eimer, was that certain 
organismal forms might evolve quickly if the production of one particular new character 
was correlated with others. As such, the causes of the variation in character “A” causes of 
the variation in character “B,” “C,” “D,” etc. If favorable conditions persisted for 
character “A” to evolve quickly, then a whole host of other characters would follow 
necessarily, and a species or subspecies would rapidly evolve into a new form. Eimer 
described this type of evolution as “kaleidoscopic.” Quoting from his early monograph 
on coelenterates, Eimer wrote:  
As soon as something or other in the original state, in the original arrangement of the 
parts of the organism, is changed, other parts are also set in motion, all arranges itself 
                                                
10 This conception was similar to Darwin’s discussion of the “correlation of growth,” 
though he tended to emphasize the role of natural selection in producing the initial 
modification and hence the consequent changes to other forms. Darwin defines 
“correlation of growth” as follows. “I mean by this expression that the whole organism is 
so tied together during its growth and development, that when slight variations in any one 
part occur, and are accumulated through natural selection, other parts become modified” 
(Darwin 1859, 135). While Darwin discussed embryology in the thirteenth chapter of On 
the Origin of Species, an examination of this passage reveals that his central purpose 
there was to employ embryological evidence to support his theory of descent with 
modification.  
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into a new whole, becomes—or forms—a new species,—just as in a kaleidoscope, as 
soon as on turning it one particle falls, the others also are disturbed and arrange 
themselves in a new figure—as though it were recrystallize [sic]. (Eimer 1890, 49) 
 
He conceptualized this type of deeply correlated evolution that produced closely related 
new forms as taking place quickly. Setting aside the speed of evolution, however, it was 
immediately apparent that the notion of correlation of parts in organisms related to a deep 
commitment to structural regularities and inherent boundaries of organismal form. 
Consequently, the correlation of parts in Eimer’s work illustrated why evolution would 
be definitely directed and only able to proceed in certain ways. 
  2.5.3 Laws of Growth 
 Eimer went beyond the correlation of parts to develop a series of laws of growth 
and form that he thought operated throughout the entire organic world. The relationship 
between ontogeny and phylogeny, according to him, had an important consequence. The 
same laws that govern ontogeny must also govern phylogeny. “If the organic world is a 
connected whole, the same fundamental laws must hold for all members as for the 
whole—therefore also the Law of growth” (Eimer 1890, 26). This “law of growth” was a 
central pillar of Eimer’s theory of variation and evolution. He argued for a deep 
continuity across the organic world, connecting ontogeny and phylogeny as two aspects 
of the same process: growth. This central law of the continuity of phyletic and 
ontogenetic growth implied a deep truth to the biogenetic law in which ontogeny 
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recapitulates phylogeny (see Gould 1977).11 Furthermore, the connection between 
ontogeny and phylogeny offered a deep ontological continuity across the biological 
world, an aspect of Weismann’s theory that Eimer found lacking.  
 Eimer argued that Weismann’s theory required an artificial separation and 
distinction between different types of organisms. He disagreed deeply with Weismann’s 
idea that the production of variation was fundamentally different in sexual and asexual 
organisms. Eimer characterized Weismann as arguing that sexual mixing produced the 
only heritable variation in sexual organisms, but that the inheritance of acquired 
characters operated to produce heritable variation in asexual organisms. According to 
Eimer, however, this theory required an unnecessary division between these types of 
reproduction. He argued that the origin of sexual reproduction could be seen in 
unicellular conjugation. “Gradually, from such conjugation, which originally took place 
between two individuals sexually quite equivalent, sexual reproduction has developed on 
that basis of the advantage of the division of labor, and the prevention of in-and-in 
breeding” (Eimer 1890, 24). This quotation showed Eimer’s commitment to developing a 
theory to explain a wide range of biological phenomena. The law of growth explained 
both ontogenetic and phylogenetic processes under Eimer’s view. But according to 
Weismann, these two processes were fundamentally different. Sexual mixing of germinal 
                                                
11 Interestingly, in Organic Evolution, Eimer did not discuss the work of evolutionary 
morphologist Ernst Haeckel, one of the major advocates for recapitulation in the German 
tradition. He mentions the work of Haeckel in the context of other arguments and 
phenomena, but not regarding the recapitulation of phylogeny by ontogeny. As Gould 
(1977) showed, however, this idea was quite prevalent at the time; perhaps Eimer did not 
feel it was necessary to make specific references to other advocates of this theory. 
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elements produced changes in ontogeny. Changes in phylogeny were produced by natural 
selection. As such, Eimer viewed his own theory as superior because it could account for 
the same phenomenon without introducing new ontological distinctions across the range 
of organic entities.  
 The law of growth united the biological world, ontogenetic and phylogenetic, 
under a common set of laws. This allowed Eimer to draw inferences about evolution from 
variation and vice versa. This opened up several important questions Eimer devoted 
much time to in the rest of Organic Evolution:  
If the organic world is thus a connected whole, as biological research now assumes, 
and if it has grown up as I am here attempting to prove, then two further questions 
have to be faced, namely (1) what causes have brought about a separation of this 
organic world (whose forms of their own accord would be uninterrupted connection, 
would be united by imperceptible transitions) into different numbers, into kinships—
into species, genera, etc.? (2). To what causes is it due that any given highest species 
in a group of related species [...] is a stage further evolved than those next to it? 
(Eimer 1890, 26) 
 
These two questions drove the central extrapolation of Eimer’s theory, explaining the 
source of evolution’s directionality and increased complexity.  
 Toward the end of the book, Eimer articulated another major law of biology, 
which he described as the “Law of Organic Form.” Rather than further elaborating the 
law of growth, this law described the basic phenomena associated with the production of 
organismal form rather than expanding on the laws of growth: 
The external form of every individual, every variety, species, genus, family, etc., is the 
resultant of a number of processes of growth which have taken place in its ancestors, 
together with the effect of external conditions which have acted upon it during its 
individual development and life, and of spontaneous internal modifications. (Eimer 
1890, 384) 
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Eimer argued that the trajectories of growth, produced by the law of organic form 
articulated above, channel the possible future variations into specific trajectories. 
Consequently, the historical influence on an organism’s entire ancestral lineage produced 
the inherent limitations to organismal form in the present generation. An organism’s 
history constrained the possible directions of variation and evolution.  
  2.5.4 Eimer On the Origin of Species12 
 Eimer separated his discussion of the biological cause of new species into two 
basic epistemic functions: laws and causes. Unfortunately, he did not discuss his logic 
and purpose for doing so, which only become clear upon a careful examination of these 
laws and causes. Eimer discussed the laws of species formation under the name 
“genepistasis,” which he considered the “mode of origin of species” (Eimer 1890, 31). 
From this he made it clear that these laws described the basic phenomena of speciation13 
or the observable patterns that demonstrate the process operating across the animal 
kingdom.  
 Eimer’s ideas on genepistasis stemmed from his work on the wall lizards of Capri 
in the 1870s. As mentioned above, he argued that a careful study of one group of animals 
could serve to explain the operation of the basic laws of variation that all animals follow. 
Eimer used his work on these lizards to establish four basic laws:  
(1) That the progressive evolution of a character in a definite direction [...] exhibits 
perfectly regular stages. In the case referred to [the occeli on the skin of an animal] 
                                                
12 The literal translation of the title of Eimer’s 1888 book begins with “On the origin of 
species.” Cunningham likely did not want to immediately draw comparison to Darwin’s 
major work in the English language publication and opted for a less antagonizing title. 
13 To use a modern term.  
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we have (a) longitudinal striping, (b) black spots, (c) formation of black rings, (d) the 
appearance of the colored nucleus. These stages succeed one another during the 
growth of the animal. In other words the whole series of modifications is repeated in 
the development of every individual. 
(2) That where new characters appear, the males, and indeed the vigorous old males, 
acquire them first, that the females, on the contrary always remain at a more juvenile 
lower stage, and that the males transmit these new characters to the species. (law of 
male preponderance) 
(3) That the appearance of new characters always takes place at definite parts of the 
body, usually the posterior end, and during development—with age—passes forward, 
while still newer characters follow after from behind [...] 
(4) That the whole of the varieties and variations of a species represent nothing else 
but stages of the course of development passed through by the individuals of the 
species—unless they represent new characters usually appearing first in males. 
(Eimer 1890, 28–29) 
 
These four laws represented the central phenomena limiting development, according to 
Eimer. They provided one clear indication for his theory that the evolution from one 
species to another proceeded according to a limited set of possible pathways according to 
these laws. He wrote “the evolution—the growth—of species one from another proceeds 
onwards as through following a plan drawn out beforehand” (Eimer 1890, 29). The laws 
presented the interpretive framework for cataloguing and organizing species into groups, 
genera, etc. and determined their proper relationship.  
 These laws were Eimer’s answer to the question “How do new species form?”, 
meaning what were the structural relations and organisms that succeed one from the next. 
But to answer the question why new species come about he postulated a series of causal 
claims about the world that explain speciation. 
  2.5.5 Causation of Genepistasis 
 Eimer discussed the causes of speciation separately from the laws of speciation, in 
part to distinguish the causal agency of a split of one species into two from the underlying 
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morphological or physiological patterns. The law of male preponderance explained where 
a new variation first occurred (in old vigorous males) but not why that variation occurred 
specifically. Eimer outlined six potential causes of genepistasis: 
Branching, which is an important factor in the separation of species, is due to (1) the 
direct influence of external conditions, which, differing at each locality, act upon each 
stage of evolution, and are able to divert the farther evolution from the former 
direction; (2) the functional activity of the organism in relation to the external world, 
which directly strengthens characters in process of development by the exercise of 
them [...] (3) the struggle for existence, which will directly have a different effect 
according to the difference of the external conditions; (4) the sudden appearance of 
new formations through correlation (evolution per saltum); (5) the principle that an 
organism continually exposed to the same conditions, under the uninterrupted action 
of the same influence, will after many generations, in consequence of “constitutional 
impregnation,” become different in structure, and have a different relation to the 
external world than before; (6) sexual mixing, which may, without any influence from 
adaptation lead to the formation of quite new material combinations, that is, to the 
production of new forms. (Eimer 1890, 32–33) 
 
Of these six causes of genepistasis, numbers 1, 3, and 5 were present, or at least implied, 
in the initial quotation at the beginning of this chapter, in which Eimer outlined the basic 
causes of change. But even at this early stage of his book, Eimer had elaborated on his 
basic cause of change to include changes due to organismal function, correlation, and 
sexual mixing; each of these was an aspect of evolutionary causation built onto his 
original foundation of evolutionary causation.  
 Interestingly, none of these six causes of genepistasis necessarily implied 
definitely directed evolution. According to Eimer, the source of evolution and variation’s 
directionality stemmed from the process of growth. Consequently, there was nothing in 
his view concerning the basic causation of new species that produced directed evolution. 
It was the downstream effect of these causes as processed through the phenomenon of 
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growth that added directionality to the system. The above quotation shows how Eimer 
separated the phenomena of directed evolution as a consequence of limitations to growth 
that he viewed as laws of nature.  
  2.5.6 Elaboration and Simplification in Nature 
The second question Eimer raised, having dealt with the laws and causation in species 
formation, was what causes certain species to become increasingly complex. As he put it: 
“On what grounds each species high in the scale of evolution was able to surpass the one 
next below it—what are the causes of increased perfection” (Eimer 1890, 52). Eimer was 
careful to distinguish his question and the use of the term “perfection” from Nägeli’s use 
and meaning.  
I assume with him [Nägeli] that the conditions for a progress towards the more 
complex and towards division of labor exist in the fact that a higher stage once 
reached can afford a foundation for one still higher, since the former, the existing 
stage, will necessarily be the starting point for further modification. (Eimer 1890, 
52)  
 
Eimer contended that, despite Nägeli’s attempts to frame his principle of perfection in 
mechanico-physiological terms, the inherent teleology of organisms moving only toward 
a goal undermines the mechanistic nature of this theory.  
 Eimer argued that evolution was able to proceed either toward increased 
complexity or increased simplicity. The path toward complexity along a definite 
trajectory was just one of the possible directions of change. Eimer gave several examples, 
including more from his beloved lizards from Capri (Eimer 1890, 53–55), of the 
simplification of organisms throughout genepistasis. The cause of this increase or 
decrease in perfection fit perfectly within the causal structure of nature and variation 
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already outlined by Eimer. He described it as: “The ultimate and most essential cause of 
progressive evolution in all the causes of growth in general—therefore in all the 
influences of the external world upon organisms” (Eimer 1890, 55). Any increase or new 
stimulus on a set of organisms results in an increase in complexity in response to those 
conditions. Any decrease or cessation of a stimulus on a set of organisms results in 
reduced complexity as the disuse of any organ system or feature results in atrophy. 
Consequently, the basic ability of an organism to respond to its surroundings was the 
ultimate source of increased or decreased complexity.  
  2.5.7 Adaptation 
 Eimer argued throughout Organic Evolution that the ability of an individual 
organism to be able to respond to its environment, expressed as a change in growth, was a 
case of adaptation. His discussion of adaptation began in a two-page footnote on the use 
of the term (Eimer 1890, 33–35) and then through the entirety of section 3, in which he 
focused on the role of adaptation in species formation (Eimer 1890, 63–78). The 
centrality of adaptation to Eimer’s views was not surprising given the discussion above. 
The adaptation of an organism or species to a particular environment through the process 
of altered growth (variation) is the central causal framework of Eimer’s theory. As such, 
he went to great lengths to describe the nature and limitations of adaptation, and the 
situations in which the term should be used. 
 Eimer’s view of adaptation was fundamentally juxtaposed to Weismann’s, as the 
following quotation displays. 
I cannot agree to the limitation of the Darwinian idea of adaptation which Weismann 
makes when he will only recognize it as applied to characters gained in the life of the 
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species, not to those gained in the life of the individual. Individuals during their life 
also adapt themselves to the external world—consider only the variety of the 
experience which individual animals during life, according to their surroundings and 
their intelligence, meet with and benefit by, or the special strength of body or any 
other useful qualities which they acquire in consequence of the external demands 
upon them. (Eimer 1890, 33) 
 
The central theoretical disagreement between Weismann’s views and Eimer’s was 
whether or not changes to the individual and changes to the species are fundamentally 
distinguishable. For Eimer and Weismann, their disagreement over the nature of 
adaptation was an extension of their disagreement over the separability of the processes 
of ontogeny and phylogeny.  
 Eimer articulated a view in which there were common laws in operation across all 
types of growth, whether that was growth of an individual or growth in a species. For 
him, phylogeny was the cause of ontogeny, and accumulated changes in ontogeny in a 
group over time were its phylogenetic trajectory. Conversely, Weismann’s position held 
that there is a separation between ontogeny and phylogeny, because the laws and causes 
of growth in the individual do not impact the phylogenetic trajectory of the species. 
Growth in individuals and growth in species were two fundamentally different things for 
Weismann. Given this difference in perspective, Weismann’s distinction that adaptation 
only occurs in phylogeny but not ontogeny made sense, as this was compatible with his 
views on natural selection as the only factor acting in evolution. This distinction struck 
Eimer as artificial. Eimer’s primary goal in Organic Evolution was to find the laws of 
variation that operate across all organic nature, a motivation that drove him to 
conceptually unify ontogenetic and phylogenetic growth processes. 
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This disagreement between Eimer and Weismann over adaptation displayed the central 
point of contention between the two. Eimer spent many more pages in Organic Evolution 
arguing against some of the more specific points Weismann made about adaptation in the 
1880s, including: everything was adapted and death was an adaptation. While Eimer 
made some interesting points against Weismann, delving into these particular arguments 
is not particularly productive for the purposes of this dissertation. Instead, I turn now to 
discuss the role of inheritance in Eimer’s theory. 
  2.5.8 Constitutional Impregnation 
 In the book Organic Evolution, Eimer did not lay out a clear or independent 
theory of inheritance, but that did not mean the role of inheritance was not of obvious 
importance to his conceptualization of variation and evolution. Compared to the 
articulation of inheritance by Edward Drinker Cope, as discussed in the next chapter, 
Eimer left his conception of inheritance vague at best. Eimer’s theory was particularly 
vague when compared to that of Weismann, who spent much of the 1870s and 1880s 
theorizing about the nature of heredity. 
 Eimer employed the term “constitutional impregnation” to describe the process by 
which a character acquired during life became hereditary. As discussed above in relation 
to development, Eimer used the term “constitutional” to indicate the basic hereditary 
material that produced “normal” development under non-changing conditions. Variation 
was the production of abnormal development when the hereditary material that drove the 
organization of an animal was faced with changing environmental conditions. To 
distinguish his theory from vitalism (see Eimer 1890, 21), Eimer preferred the term 
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“constitutional” to “internal.”. The fundamental material of heredity was an organism’s 
constitution. And the primary way that constitution changed, in addition to sexual 
mixing, was through constitutional impregnation. Eimer’s discussion of constitutional 
impregnation was short, just half a page. It is worth reading the discussion in its entirety 
to understand the way in which he communicated his basic understanding of inheritance.  
If a form remains stationary at a low phyletic stage, then, from purely constitutional 
causes, the longer it remains at that stage the more it becomes different, because its 
characters stamp themselves more and more on the organism (constitutional 
impregnation). It will, therefore, after a certain time no longer be the same as it was 
when its relatives diverged from it. The longer it is able to exist with these characters 
the more it will change in another way while its relatives change by correlation, but 
the more also will it be in a condition to maintain the persistent characters in face of 
the coercive powers of adaptation, and these later will be thrown on to other 
characters with greater modifying effect. (Eimer 1890, 51–52) 
 
This quotation shows the depth to which Eimer was committed to a mechanistic theory of 
heredity. He believed changes in the hereditary material originated in the persistent 
impact of the external environment on an organism’s “constitution.” By using the term 
“constitution,” however, Eimer continued to presume a union between the organism and 
its hereditary material, in opposition to Weismann’s approach of separating them. The 
term “constitution” included the hereditary material and, therefore, sufficed to continue 
Eimer’s opposition to Weismann’s theory of the germ plasm. 
 2.6 Evidence of Inheritance of Acquired Characters and Definitely Directed   
 Evolution 
 The bulk of Organic Evolution contained evidence for the inheritance of acquired 
characters. These pages were filled not with evidence for evolution in definite directions 
specifically, but evidence to establish the basic causation outlined early on in Eimer’s 
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theory of variation. This evidence was predominantly cases where: (1) changes to the 
environment impacted organisms resulting in differential development, and (2) that 
differential development was passed on to subsequent generations. As such, these cases 
taken together provided the hard evidence against Weismann’s and Nägeli’s theories that 
hold the environment of little consequence in the direct transformation of species (Eimer 
1890, 16). Other than countering Weismann and Nägeli in favor of Eimer’s thesis, these 
individual cases are of minimal interest to this dissertation and consequently are not 
discussed in detail. 
 Section 7 of Organic Evolution, on the other hand, is worth discussing in detail. 
In the early sections of the book, Eimer pointed out the insufficiency of Darwin’s 
principle of utility to account for new features in a satisfactory way (Eimer 1890, 315–
78). By way of showing the power of his own thesis, Eimer devoted all of section 7 to 
“show in detail that all organization, and above all, the first development of organism, 
and further, all higher physiological evolution depends on use, is to be traced to the 
inheritance of acquired characters” (Eimer 1890, 315). This was a clear strategy to show 
the strengths of Eimer’s theory of variation in comparison to other alternatives. He had 
already made it clear that Weismann’s reliance on utility as the driving cause of evolution 
did not explain novel features. Furthermore, Nägeli’s principle of perfection left virtually 
everything to the imagination concerning novel features because every explanation boiled 
down to his internal driving factors. As such, Eimer’s second-to-last chapter represented 
a clear and forceful attempt to show the explanatory power of his theory in the light of 
the failure of his contemporaries. 
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 Eimer used his theory to explain the entire evolutionary history of life on Earth, 
showing that the function and inheritance of acquired characters due to environmental 
pressures could account for the following novelties: unicellular animals, multicellularity, 
muscles, striated muscles, sense cells, the nervous system, and voice and speech. As 
such, he showcases the power of his theory at explaining the history of life on Earth in 
broad terms. Given that he began with discussions of variation in a few subspecies of 
lizards, elaborating the explanatory value of his theory of evolution in definite directions 
was necessary to convince readers that his conception of variation and evolution went 
beyond a few key examples. 
 The central evidence for evolutionary directionality was essentially the same as 
the evidence for the acquisition of new characters; it was based on Eimer’s conception of 
variation and the relationship between ontogeny and phylogeny. The production of 
organic innovation was necessarily limited in certain directions by the ontogenetic 
processes in the organism. As such, any new variation was conceived of in a framework 
of inherent directionality. Evolutionary novelty was, in Eimer’s view, evidence of 
evolution’s directionality. In later books and papers, he argued more directly for the 
evidence of variation in definite directions. For example, in his 1897 essay On 
Orthogenesis, Eimer deployed extensive evidence for directionality of variation and 
evolution based on observations of butterfly coloration patterns. But in Organic 
Evolution, he limited his evidence to describing the production of new variation as 
inherently directional based on his conceptualization of the relationship between 
ontogeny and phylogeny. 
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 2.7 Intellectual Reception of Organic Evolution 
 We can gain perspective on the intellectual reception of Organic Evolution by 
looking at book reviews. Speaking to the general popularity of Eimer’s ideas, the text 
drew interest from quite a few individuals, as reflected in their reviews published across a 
range of journals, magazines, and newspapers. The book was reviewed in Nature, The 
Cambridge Review, The Edinburgh Review, The Academy, The Athenaeum, The Speaker: 
Liberal Review, Popular Science Monthly, The New York Times, and The Manchester 
Guardian. Analyzing these reviews showcases the aspects of Organic Evolution that 
fellow biologists deemed most relevant to the ongoing discussion of evolution. Grant 
Allen (1890) articulated a general description of the book that characterizes the various 
interpretations of Eimer’s theory. “As a whole, the book is interesting, suggestive, one-
sided, clumsy, learned, long-winded, logical, and inconclusive” (Allen 1890, 340). All of 
the reviews agreed with him on several of these descriptions, though only a few fully 
described Eimer’s theory of definitely directed evolution. 
 Without question, the starting point or dominant theme of all the reviews was the 
disagreement between Eimer and Weismann over the role of natural selection and the 
inheritance of acquired characters in evolutionary causation. The article in the Times was 
called “Refuting Weismann” (Anon. 1890b). Bertram Windle’s review in The Edinburgh 
Review was interesting because he appeared to be scoring the debate like a boxing match.  
The controversy between the professors of Tübingen and Freiburg is to us a very 
interesting one. So far Professor Eimer appears, in our judgment, to have, on the 
whole, the best of the dispute. But effective as he was in his attack upon professor 
Weismann’s doctrines, he exhibits marvelously little capacity in defense. (Windle 
1890) 
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In The Speaker: A Liberal Review, the tone was more somber. “The inevitable 
reaction against the continuity of the Germ Plasm is beginning to set in” (Anon. 1890a). 
These reviews made it clear that one cannot fully understand Eimer’s ideas outside the 
context of his disagreement with Weismann. This is perhaps unsurprising since 
Weismann’s name appears on about twenty-five percent of all pages in Organic 
Evolution. With a few notable exceptions, the Eimer-Weismann disagreement as 
discussed in these reviews typically centered on natural selection and the inheritance of 
acquired characters, not the role of variation in evolutionary causation—one of Eimer’s 
main arguments.  
 In stark opposition to Eimer’s persistent inclusion of Weismann into his book, 
many reviewers noted a distinct absence in Organic Evolution of references to the 
English philosopher and biologist Herbert Spencer.14 The review of Organic Evolution in 
The New York Times finished with the comment: “we can recommend this volume 
warmly to all who have followed the discussion of Herbert Spencer by men of learning in 
the Sunday Times.”15 Reviews in The Speaker and The Academy note the similarity of 
Eimer’s theory to Spencer’s in its focus on function as driving novelty in evolution 
through the inheritance of acquired characters (Allen 1890; Anon. 1890). Allen’s review 
in The Speaker was more forceful in his language and tone: “Eimer’s answer to 
                                                
14 There was only one reference to Spencer in Organic Evolution, as an aside on p. 239. 
As discussed regarding Haeckel above, Eimer excluded discussion of the work of various 
investigators that bore on his own topics and theories. Without a careful investigation into 
the Eimer archives, any discussion as to why he omitted references to these individuals 
and their work would be speculation. 
15 Anon. (1890b, 3); this was a reference to a series of letters to the editor both attacking 
and supporting the synthetic philosophy of Herbert Spencer. 
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Weismann consists in flinging Mr. Spencer point-blank at his head—without 
acknowledgment” (Allen 1890, 359). The similarity between Eimer and Spencer was 
prominent, especially concerning the inheritance of acquired characters and function 
driving evolution in Spencer’s Principles of Biology (1867) and Organic Evolution. 
Beyond causes of evolution, one of the most prominent points of theoretical overlap 
between Eimer and Spencer was their emphasis on unity and synthesis across the organic 
world. 
 While most reviews focused on Eimer’s neo-Lamarckian ideas, several others 
emphasized his preoccupation with the production of variation. The review in The 
Manchester Guardian discussed Eimer’s central question, does variation proceed 
according to law? “Professor Eimer can hardly be said to have solved the problem [of 
variation] outright, but he deserves much credit for so fully realizing its importance, and 
his labors must naturally lighten the work of those who follow in his path” (Anon. 
1890b). Less critically, the review in The New York Times discussed Eimer’s theory of 
the production of variation as physiochemical modifications resulting from the interaction 
of the organism and its environment (Anon. 1890). The review in Popular Science 
Monthly extended this and described Eimer’s theory of definitely directed evolution as a 
consequence of variation, thereby fully articulating his theory as described in Organic 
Evolution. 
 One review in particular deserves more careful discussion, since it was written by 
Cope, one of the three key figures in my discussion. Beyond simply describing the 
directionality of evolution as a consequence of variation, Cope praised Eimer’s wide 
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scope of facts and ideas brought together into one comprehensive theory, a major 
emphasis of his own book Primary Factors, published six years after this review. He also 
highlighted the benefit of this inclusive and synthesis-oriented approach compared to 
“biologists whose knowledge is limited by the use of the microscope, and he [Eimer] is 
therefore in possession of a class of facts which are apt to escape the researchers of the 
histologists and embryologists” (Cope 1890, 751–52). Cope praised Eimer’s approach as 
a zoologist and general biologist in the face of theoretical opposition from the new and 
rising tide of microscopy-driven research. Similar sentiments could be found in the 
review of Organic Evolution in The New York Times. Cope provided a clear voice in 
situating Eimer’s book with respect to other work and other fields that might have 
assisted in completing his suite of evidence.  
The author is in entire harmony with the views of the Neo-Lamarckian school in 
America and England; and he supports it with an array of facts which fill a great part 
of the 435 pages which comprise this volume. We regret that he has not been 
apparently acquainted with the opinions entertained by his co-workers on this side of 
the Atlantic, as he might have derived some facts of use to him. To paleontology, that 
mine of evidence for the evolutionist, he makes but little reference; and, in fact, this 
subject has not been within the scope of his researches, which have been so abundant 
in other directions. (Cope 1890, 753) 
 
This quotation shows the central way that Cope thought Eimer’s work could have been 
improved and expanded. While it fits well within the context of Neo-Lamarckism, Eimer 
did not fully contextualize his work with respect to other investigators, and his scope of 
facts was limited to the more traditional zoological examples. As I show in the next 
chapter, Cope, who cited Eimer multiple times, endeavored to fill in the considerable 
evidence from paleontology that Eimer left out while developing a similarly synthesis-
oriented theory of laws and causes in evolution.  
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 The reviews of Organic Evolution offered interesting insight into the intellectual 
reception of Eimer’s book. This work was the only major work by Eimer translated into 
English, and hence it represented the major source of Anglophone knowledge of his 
theories in the late 19th century. Many reviews succeeded in drawing out Eimer’s central 
point in Organic Evolution—evolution took place in definite directions due to limitations 
on variation stemming from laws of growth. Cope’s review of Eimer’s book shows a 
direct similarity between these theories, though stemming from different disciplines: 
paleontology and zoology, respectively. These reviews generally did a fair job at 
articulating Eimer’s central theory and motivation in the work, especially Organic 
Evolution as a response to Weismann’s theory of the germ plasm. To end on a positive 
note, the review in The Manchester Guardian stated, “Professor Eimer’s work deserves 
and will undoubtedly receive careful attention, as dealing with some of the burning 
questions of the day from an entirely independent standpoint” (Anon. 1890c, 4). 
 2.8 Conclusion 
 This chapter analyzes the book Organic Evolution by Eimer to understand his 
argument for evolution in definite directions. I begin with a brief discussion of his 
intellectual background, describing Eimer’s early work on evolutionary directionality 
stemming from an analysis of variation in the wall lizards of Capri in the 1870s. This 
analysis revealed that Eimer identified the problem of understanding how variation 
influenced evolutionary outcomes early in his career as one of the central unanswered 
questions in developing a description of evolutionary causation. The introduction and 
goals outlined in Organic Evolution show that Eimer was primarily concerned with 
  61 
understanding how the origin of variation influences evolutionary outcomes. This 
epistemic goal of explaining the causal role of variation in constraining and directing 
evolution was shared in the works of Cope and Berg as described in the subsequent two 
chapters. 
 Another important conceptual feature of Eimer’s theory was his focus on long-
term trajectories in evolution, specifically through the development of laws of evolution. 
While Eimer articulated four laws to describe the process by which new species originate, 
two major laws stand out as central to his understanding of nature: the law of growth and 
the law of organic form. Eimer’s law of growth described the reciprocal relationship 
between growth in ontogeny and phylogeny. He argued that these processes are not 
fundamentally distinct, but rather are deeply connected; they are two sides of the same 
coin. Beyond this fundamental unity of growth in ontogeny and phylogeny, Eimer also 
contended that organic form in one individual was the result of the suite of interactions 
between that organism’s ancestors and their environments that were expressed through 
the organism’s hereditary material. These two laws, and the evidence provided for his 
theory of variation, show the extent to which Eimer focused on explaining long-term 
trajectories in evolution.  
 This chapter also details how Eimer developed a theory that synthesized a wide 
variety of ideas and explanatory goals concerning development and evolution. As 
discussed in the section on his book, the centerpiece of Eimer’s theory was an integration 
of causes and laws of evolution that form a basic ontology to encompass hereditary, 
developmental, and evolutionary phenomena. It also explained a suite of other 
  62 
phenomena, including: the origin of species; the origin and maintenance of novelty, 
which he would have called elaboration and simplification; adaptation; constitutional 
impregnation or neo-Lamarckian inheritance; and natural selection. Eimer’s theory in 
Organic Evolution synthesized numerous concepts and approaches into a unifying causal 
framework that centered on the production of new variation as an indispensable 
component of this idea. 
 This chapter discusses the intellectual context of Eimer’s theory of evolutionary 
directionality by looking at the reception of the work in book reviews. Furthermore, the 
book reviews of Organic Evolution show that other evolutionists interpreted this work as 
an important—if misguided, confused, or incomplete—contribution to evolutionary 
theory. The following two chapters show the continuity of these central ideas with the 
work of Edward Drinker Cope and Leo Berg.
  63 
3. EDWARD DRINKER COPE’S PRIMARY FACTORS 
 3.1 Introduction 
 This chapter analyzes the major evolutionary work of Edward Drinker Cope, a 
book titled Primary Factors of Organic Evolution. In keeping with the main driving 
focus of the dissertation, I begin with a biographical sketch of Cope to contextualize the 
perspective from which Cope wrote Primary Factors. I then analyze two of Cope’s early 
works on evolution, texts that serve to set the stage for his later book. These two early 
papers established Cope’s theory of acceleration and retardation in nature, the idea that 
the speed of ontogeny had a directing and limiting force on the possible outcomes in 
phylogeny. In a second paper, Cope theorized that one must incorporate a theory to 
explain the first cause of change in cell division and differentiation to explain evolution. 
He expanded on this early notion of a “growth force” extensively in Primary Factors. My 
analysis of this book draws out the basic logic of evolutionary causation according to 
Cope. I show that Cope maintained a central role for variation at the core of his 
evolutionary theory. Furthermore, in Primary Factors, he built off important ideas in his 
early texts, turning vague and general ideas into a complex and nuanced theoretical 
system of laws, causes, and energies of evolution. 
 The organization of Primary Factors revealed the central focus of the book, 
which was the role of variation in evolutionary causation. The first part emphasized the 
phenomenon of variation, which Cope argued was the primary evidence for definitely 
directed evolution. Cope viewed the production of variation as an inherently directional 
process, proceeding only along certain directions. This section of the book contained 
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many phenomenological observations that emphasize the long-term evolutionary 
trajectories. That is to say that the directionality of variation was based on Cope’s 
observations as opposed to theorizing. He codified these phenomena in the laws of 
acceleration and retardation. Part 2 of Primary Factors established the important 
relationship between an organism and its environment as the mechanical cause of new 
variations. He also developed an ontology based on the physical and kinetic interactions 
as producing and maintaining new variation. The third part of the book established the 
theory behind the inheritance of variation. Cope developed a complex and intricate 
ontological system of hereditary, developmental, and evolutionary causes. The core of 
this theory was a dual system of inheritance combining Weismann’s theory of the germ 
plasm as the chemical source of heredity and the energies of evolution that constitute the 
efficient cause of growth and differentiation in ontogeny and phylogeny. Consequently, 
this part of Primary Factors clearly portrays Cope’s attempt to synthesize a wide range of 
theories and concepts from various studies toward a unified causal framework of 
evolution. 
 This dissertation chapter delves deeply into Cope’s early work on evolution, 
published in the late 1860s and 1870s. Doing so allows a comparison to his later 
perspectives and shows how his thinking matured over time, thereby facilitating a better 
understanding of the synthetic nature of his theory in Primary Factors. Cope’s thinking 
on evolution began with a set of theoretical treatises based on distinct and local concerns 
in his early papers. Later, he built these preliminary ideas into a comprehensive 
  65 
theoretical framework to account for a wide range of phenomena of heredity, 
development, and evolution.  
 The final section of this chapter discusses book reviews of Primary Factors as a 
way to assess the reception of the book. Keeping in mind one major negative review from 
Alfred Russell Wallace, most book reviews were positive. Lengthy discussions of the 
book show that biologists fully recognized the central theoretical objectives of Cope’s 
theory and the potential value of the book for advancing evolutionary theory.  
 3.2 Biographical Sketch 
 Edward Drinker Cope was born on July 28, 1840, to Alfred and Hanna Edge 
Cope, a wealthy family of Pennsylvania Quakers. From a very early age, Edward was 
interested in the living world; letters from his early life portrayed a deep interest in the 
workings of nature, and one of his first drawings as a child was a whale breeching from 
the water (Davidson 1997). He was first taught the basic classification of farm animals, 
and his letters to family members show that he was highly self-motivated. By the age of 
15, Cope was taking his education in the natural sciences very seriously, and he asked for 
money from his father to purchase and study ornithology, entomology, herpetology, 
ichthyology, and geology. These subjects became the basic framework of his working 
natural historical knowledge. Cope was for the most part self-educated, and his early self-
guided studies paid off. By the age of 18 he was working in the Academy of Natural 
Sciences, reclassifying and cataloguing specimens. By the mid-1860s, Cope had begun 
his prolific research career, working at the Smithsonian Institution as a researcher in 
herpetology (Davidson 1997). 
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 One of Cope’s biographers, the noted American paleontologist Henry Fairfield 
Osborn, titled his biography “Cope: Master Naturalist” (Osborn 1931). The reason for 
this designation was not simply adulation heaped upon a mentor by a mentee, though that 
was certainly part of it. Osborn thought Cope was a “master naturalist” because of the 
depth and breadth of his contributions. According to Osborn, Cope made significant 
contributions in the following fields of research: field exploration, geology and 
stratigraphy, American herpetology, ichthyology, mammalogy, ornithology, 
paleontology, phylogeny of the vertebrates, theory of evolution, spiritual development, 
and sociology. Osborn’s bibliography of Cope’s work, which remains the most 
comprehensive today, organized this work into over fifty different categories (Osborn 
1931). Consequently, we get a picture of Cope’s research accomplishments as diverse. 
Cope was constantly working on numerous projects, and he would change from one to 
the next, sometimes several within a day, whenever he got bored (Davidson 1997). In this 
way he was similar to Louis Agassiz, the father of nineteenth-century American science. 
Both were prolific and central figures in American science, well known to the public, and 
men who endeavored to communicate their love for science widely (Irmscher 2013). 
 Understanding the diversity of Cope’s intellectual contributions provides 
historians with a foundation for interpreting his intellectual work in the 1860s, which led 
to his first evolutionary musings. The American Civil War was the dominant social 
historical episode of the 1860s, and it had an impact on Cope’s intellectual foundations. 
In keeping with his pacifist Quaker upbringings, he was not interested in becoming 
involved in the war. While working at the Smithsonian Institution in January of 1861, 
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Cope wrote to his father, “I would rather be out of the way of a conflict even if the 
defense should be successful in 12 hours hence I am hurrying up my matters as rapidly as 
possible” (quoted in Davidson 1997, 26). Unfortunately for the deeply divided United 
States, the conflict dragged on for years. The war was one of the reasons why Alfred 
Cope sent his son on a grand tour of Europe in the early 1860s, a common endeavor for 
young, wealthy Americans. Cope visited England, Belgium, the Netherlands, Germany, 
Switzerland, Italy, and traveled through some parts of Eastern Europe. Given that he 
spent much of his time in natural history museums and universities during his sojourn, 
Cope met with many important European natural historians and scientists. As Osborn put 
it:  
The journey to Europe completed Cope’s life as a student. The meeting with great 
men and the vision of the learned societies and great institutions of science abroad, 
mostly prefaced by a century or centuries of experience, gave Edward a new and very 
high standard both in research and in publication. (Osborn 1931, 138)  
 
By the time of Cope’s return from Europe in 1864, he was well prepared to craft his 
desired career as a naturalist and paleontologist (Osborn 1931, 110–31). 
 Alfred Cope helped his son obtain a job at Haverford College as a professor of 
zoology upon Edward’s return. While this might suggest that Alfred supported his son’s 
interests in science, this was not entirely the case. Extant letters reveal no real discussion 
about whether Edward Cope would enter the family shipping business (Davidson 1997, 
19–30); instead, Edward was set up with a farm in Haddonfield, New Jersey. While he 
was engaged as a professor, Edward was supposed to supplement his income by running 
the farm, an activity that he was reluctant to engage in. He would likely have been more 
successful in his farming endeavors if he had spent less time exploring the Eastern United 
  68 
States for fossil dinosaurs and other specimens (Osborn 1931). Edward’s career as a 
farmer came to an end in 1869 or 1870. He wrote to his father that that he was unable to 
subsidize his scientific work with money from renting his farm, and consequently the 
farming project should be shut down. By the time Cope was thirty, his career as a 
scientist was well under way. 
 From these brief biographical details, the basic shape of Cope’s life, education, 
and position as a professor at Haverford throughout the 1860s takes shape. Against this 
background he began theorizing about evolution. Early on, Cope was primarily 
concerned with the classification of animals in diverse groups. The courses he taught in 
basic zoology and natural history were broadly about classification and identification. By 
the mid 1860s, he had begun to bring back new zoological and paleontological 
specimens, which he needed to identify and place within a classification system from the 
western territories. Cope’s first theory of evolution dealt mainly with classification and 
evolutionary causation on the taxonomic level of the genus. Throughout the 1870s and 
1880s, Cope was primarily interested in large-scale paleontological fieldwork operations 
conducted in the western territories of the United States. Historians and journalists have 
documented these efforts and his notorious fight for publication priority with Othniel 
Marsh (Jaffe 2000; Wallace 1999). 
 Cope wrote his major treatise on evolution, Primary Factors, published in 1896, 
in the years just before his death. The 1890s were a time of marked change for Cope, and, 
as his biographer suggests, a time of marked personal improvement (Osborn 1930, 397). 
In 1889, he accepted the professorship of geology and mineralogy at the University of 
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Pennsylvania (Osborn 1930, 397). For the most part, except for small excursions in 1892 
and 1893, Cope stopped pursuing fieldwork. Throughout this period, he focused on 
lecturing and writing. He eventually became quite well known as a public speaker and he 
wrote several textbooks on geology and paleontology.16 Cope was elected President of 
the American Association for the Advancement of Science in 1895. Around the time that 
Cope published Primary Factors, he became very unwell with the malady that eventually 
killed him in 1897 (Davidson 1997, 147–62). 
 The motivations for Cope’s Primary Factors, therefore, were visible in the 
framing of the work he was engaged in at the time. He was teaching again, much as he 
had been in the 1860s when he first developed his evolutionary theory. He was also 
synthesizing broad arrays of facts into textbooks that would be useful for students. Cope 
continued writing papers and directing the activities for the journal The American 
Naturalist, which Cope owned from 1878–1897. He used the journal as an outlet to 
publish his papers on novel fossils (Dunn 1966). The number of papers that he published 
had diminished from the previously immense number in the 1880s (Osborn 1931, 397).  
 3.3. Early Evolutionary Papers 
 The Proceedings of the Academy of Natural Sciences of Philadelphia published 
Cope’s paper titled “On the Origin of Genera” in 1868. This paper was a fifty-eight-page, 
highly technical essay providing extensive evidence of the directionality of evolutionary 
outcomes based on evolution as occurring through processes that he called “acceleration” 
and “retardation.” To understand this paper fully requires a fluency with the evolutionary 
                                                
16 See Osborn (1931) for complete list of Cope’s books. 
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relationships of genera in a wide variety of taxonomic groups. Online indices like JSTOR 
show that this paper was referenced only a handful of times in academic journals in the 
several decades after its publication. It did, however, become the foundation for Cope’s 
later evolutionary work.17  
 “On the Origin of Genera” described the evolutionary relationships between 
genera. On the most basic level, the central position of this paper was that the 
evolutionary cause of characters representative of genera differed from the cause of 
characters in species. Cope did not base his argument on a metaphysical position that 
distinguishes ontologically between characteristics at the level of the genus and the level 
of the species. Rather, Cope argued that the characters we use to describe and classify 
genera display significant degrees of parallelism in their evolution over time. Closely 
allied genera, which share all but one character used to differentiate the genus, display 
evolutionary parallelism in that particular differentiating character. Non-closely allied 
genera, with many characters that distinguish the genus, do not show such close 
parallelism in their evolutionary trajectories. Cope called this “inexact parallelism.”  
 The “parallelism” in question was not simply evolutionary parallelism, according 
to Cope. It was also developmental parallelism. So, when he described parallelism, he 
meant that the stages of development of a particular character (or a whole group of 
characters) were identical or nearly identical. Concerning characters of the order or 
                                                
17 For example, this work was referenced by Alpheus Packard in an article in The 
Independent (1877).  
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family, Cope argued that there were many cases where organisms displayed exact 
parallelism throughout all developmental stages. Cope wrote: 
We have then in the embryos of the lower vertebrates at a certain time in the history 
of each, an “exact parallelism” or identity with the embryonic condition of the type 
which progresses to the next degree beyond it, and of all the other types which 
progress successively to more distant extremes. We have, however, so far, every 
reason to suppose that the embryos of the other branches of animals never present 
an exact parallelism with those of the vertebrate. (Cope 1868, 267) 
 
Cope recognized the wide variety of non-overlap in the ontogenetic patterns of all 
organisms in family, order, and higher groups. He argued, however, that there was 
significant parallelism at the level of characters that distinguish genera. “I think that I 
have already made some progress in proving that the near or true generic relationship is 
one of absolute developmental repression or advance” (Cope 1868, 269). 
 Because there was so much inexact parallelism in the higher ranking groups, and 
yet so much exact parallelism in the genera, Cope argued that these patterns displayed a 
“law of acceleration and retardation” that was, to a certain extent, only indicative of 
characters that distinguish genera. The law of acceleration and retardation was a basic 
description of the ways in which characters developed in ontogeny impact phylogenetic 
outcomes. Cope presumed that the timeframe in which development was able to occur 
was finite, or at least limited for a specific group. The developmental timeframe must be 
finite, he argued; otherwise, the constant addition of new evolutionary characters would 
just extend the developmental process indefinitely. The addition of new features on the 
end of that timeframe must necessarily compress the process of development to fit those 
new characters in, thereby “ accelerating” development.  
  72 
 Cope argued that the retardation of development took place when the process of 
development slowed down, which typically meant that the organism developed 
incompletely before the timeframe of development was finished. In retardation, some 
features of the organism remained undeveloped, and therefore were lost. The process of 
accelerating and retarding development took place through vast stretches of geological 
time. Cope argued that this process adds new traits through acceleration and removes 
others through retardation (Cope 1868, 269), and concluded from this phenomenon that 
the embryonic record of a present-day organism was a flawed retelling of the organism’s 
evolutionary history.  
 This law of acceleration and retardation provided an account for apparent 
directionality in certain features throughout evolution. This explained why one group of 
organisms “progressed” along a line that limited possible trajectories for certain features 
at the level of the genus. This allowed Cope to bring evidence from development to bear 
on classification and paleontology.  
 Furthermore, because so many features at the level of the genus displayed 
parallelism, Cope argued that they cannot be accounted for by Darwin’s theory of natural 
selection, which relied on “fitness.” But Cope was quite satisfied with the explanation of 
natural selection driving evolution at the level of the species. In this early theorizing, 
Cope argued that the characters that were representative of species-level differences were 
the types of characters that respond to natural selection (Cope 1868, 244). He did not 
attack Darwin’s law of natural selection” in “On the Origin of Genera.” Rather, he tried 
to distinguish the set of characters and level of organization at which selection or other 
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phenomena operated. On species-level characters, natural selection operated. On genus-
level characters, acceleration and retardation of development dominated. Consequently, 
organismal evolution displayed evolutionary trajectories in certain definite directions and 
also the property of being “ molded” to their environment through natural selection. 
 Cope’s theory allowed for some fidelity between the ontogenetic and 
phylogenetic histories of a group. The ontogenetic evidence was fundamentally an 
imperfect replication of the organisms’ adult morphologies throughout evolutionary 
history. Cope quoted his friend and colleague Alpheus Hyatt, who, in 1866, came up with 
a similar theory:  
In other words there is an increasing concentration of the adult characteristics of 
lower species, in the young of higher species, and a consequent displacement of other 
embryonic features, which had themselves, also, previously belonged to the adult 
periods of still lower forms. (Hyatt quoted in Cope 1868, 278)  
 
This displacement of embryonic features meant that there was an imperfect relationship 
between ontogeny and phylogeny.  
 To conclude this section, Cope’s earliest formulation of evolutionary theory 
argued for evolution as a directed process. This theory made sense, given that the context 
in which he was working was primarily the classification and systematics of living and 
extinct organisms. The law of acceleration and retardation provided a basic framework of 
directionality underlying evolutionary causation at the level of the genus. Still, Cope 
recognized the tentative nature of his theory in the introduction of the paper, and he was 
not deeply committed at this point to the exclusive truth of his theorizing (Cope 1868, 
242). But just a few years later, in 1871, Cope had organized his perspective on the laws 
of organic evolution into a clear and forceful argument. 
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 By the time Cope published his second major paper on evolutionary theory three 
years after his first, his thinking on the subject had noticeably matured. Again, he 
prefaced his work by recognizing the tentative nature of his theories, but this second 
paper was organized in a much more concrete and coherent way. Whereas his 1868 paper 
was muddled and unclear in certain respects, he made an effort to arrange his 1871 essay, 
“The Methods of Creation of Organic Forms,” logically. Published in the Proceedings of 
the American Philosophical Society, Cope’s essay was a highly technical treatise on five 
“laws” of evolution, specifically: The law of acceleration and retardation, the law of 
repetitive addition, the law of use and effort, the law of grade influence, and the law of 
intelligent selection. A full exposition of Cope’s essay would not be particularly useful 
for contextualizing Cope’s 1896 book Primary Factors. Consequently, I delve into only a 
few of the major points of this work, that were significant for Cope’s evolutionary theory 
more generally. 
 Even in the introduction of this paper, Cope focused on one aspect of evolutionary 
theorizing that remained unexplained: the origin of variation. The origin and cause of 
variation, while clearly a topic present in his 1868 paper, became the fundamental 
motivation for Cope’s entire evolutionary theory. On his view, “the influences and forces 
which have operated to produce the type of structures of the animal kingdom have been 
plainly of two kinds; 1. Originative, 2. Directive” (Cope 1871, 230). He argued that the 
work of Darwin and Wallace on the law of natural selection could explain the direction of 
that which already exists. As Cope put it, selection tells us nothing about “the origin of 
the fittest.” This particular phrase became the title of Cope’s collection of essays 
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published in 1887, but it is clear from the introduction of this essay, and his other 
writings, that he viewed the origin and cause of variation to be the main evolutionary 
question left unanswered. Because selection did not account for the origin of new 
characters in ontogeny, the search for the scientific explanation of the origin of the fittest 
must be found in another theory. 
 In this 1871 essay, Cope began by articulating more clearly what he meant by the 
law of acceleration and retardation. To fully explore his meaning, I quote Cope at length 
and provide the figure that accompanied his text (Figure 1). This dense quotation 
provides us with a sort of logical foundation for his theory of acceleration and 
retardation. 
 
 
Figure 1. Cope’s representation of acceleration and retardation in evolution. 
 
In A* we have four species whose growth attains a given point, a certain number of 
stages having been passed prior to its termination or maturity. In B we have another 
series of four (the number is a matter of no importance), which during the period of 
growth, cannot be distinguished by any common, i.e., generic character, from the 
individuals of group A, but whose growth has only attained to a point short of that 
reached by those of group A at maturity. Here we have a parallelism, but no true 
evidence of descent. But if we now find a set of individuals belonging to one species, 
or still better the individuals of a single brood, and therefore held to have had a 
common origin or parentage, which present differences among themselves of the 
character in question, we have gained a point. We know in this case that the 
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individuals, a, have attained to the completeness of character present by group A, 
while others, b, of the same parentage have only attained to the structure of those 
group B. It is perfectly obvious that the individuals of the first part of the family have 
grown further, and, therefore, in one sense faster, than those of group b. If the parents 
were like the individuals of the more completely grown, then the offspring which did 
not attain that completeness may be said to have been retarded in their development. 
If, on the other hand, the parents were like those less fully grown, then the offspring 
which have added something, have been accelerated in their development. (Cope 
1871, 231) 
 
This quotation shows that Cope developed a clear analogy between the phylogenetic 
development of a genus (A and B) and the individual ontogenetic development of 
individuals in a species (a and b). This relationship was laid out much more clearly in the 
passage above than at any place in his 1868 paper. Cope reasoned that under the 
presumption that the processes in nature were uniform, he was justified in saying that 
both A and a were accelerated in their development, and b and B were retarded in the 
same manner. Hence, the types of acceleration and retardation that one saw in groups of 
developing organisms raised in different conditions, for which Cope gave three pages of 
examples, provided inferences about the possible trajectories of phyletic groups as a 
whole. 
 Another point to expand on in this quotation was that Cope was clearly deeply 
committed to descent with modification. Cope readily accepted this basic principle of 
Darwinian thinking, but he integrated it into a theory that fundamentally explained the 
origin of variation and the impact of the origin of variation on evolutionary outcomes. So 
he integrated the notion of descent with modification into his progressive view of 
evolution by acceleration and retardation. 
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 While the quotation above clarifies Cope’s perspective on the relationship 
between ontogenetic development and phylogenetic evolution, his section on the law of 
repetitive addition extended his argument significantly. In this part of the paper, he 
developed a theory to explain the following problem: How are complex organisms 
created? That is to say, what series of events proceed in what exact order so that 
complexity is generated? While it might seem obvious to modern readers that the 
questions above would best be answered by studying development, Cope’s analogical 
theory of development and evolution left open a tremendous amount of epistemic space 
for evidence from paleontology, systematics, zoology, and developmental biology to bear 
on this problem. Given his wide-ranging interests, Cope drew heavily on a variety of 
evidence from these disciplines. 
 Cope presented his basic theory of the generation of complexity through variation 
in a section titled “Definitions.” In typical fashion for Cope’s style of argumentation, he 
developed a set of propositions which seem at first incomprehensible but become more 
clear upon further examination. He broke his basic idea into two parts. First, “the 
succession of construction of parts of a complex, was originally a succession of identical 
repetitions; and grade influence merely determined the number and location of such 
repetitions” (Cope 1871a, 236). Second, he then wrote, “Acceleration signifies addition 
to the number of those repetitions during the period preceding maturity, as compared with 
the preceding generation and retardation signifies a reduction of the numbers of such 
repetitions during the same time” (Cope 1871a, 236). Put another way, Cope made a two-
part argument about the origin of the variation that produced complexity. Firstly, simple 
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animals grew and were modified by the principle of adding repetitive parts to their 
organization. Secondly, the repetition of pre-existing structures is the basic principle 
underlying new forms of complexity even at higher levels of organization.  
 Cope explained the origin of new complex forms based on segment repetition and 
cellular repetition. Regarding segment repetition, he identified all new types of complex 
organization as originating in a process whereby one segment of an organism was 
repeated more through a process of accelerated growth. The repetition of segments in the 
vertebrates and other groups was accomplished by adding more of the same types of 
segments. He used the example of the common addition of preexisting parts in 
symmetrical organisms to make this point (Cope 1871a, 235–38). But the question 
remained, how do those repetitive parts become differentiated (or individually more 
complex) from one to the next? Again, Cope answered this with further repetition. He 
viewed the increased complexity of a single element of a repetition to be made possible 
by “double repetitions.” Double repetitions, Cope argued, solve the basic problem of how 
simple repetitive structures become more complex. He used the example of the 
evolutionary transition from a simple tooth to a complex tooth to illustrate this point. “In 
the cetaceans this occurs in the Squalodonts; the cylindric incisors were followed by 
flattened ones, then by others grooved on the fang, and then by two rooted, but never 
double-crowned teeth” (Cope 1871a, 238). Cope then employed this double repetition 
concept in a variety of different ways throughout his paper.  
 Concerning cellular repetition, Cope argued that cell growth was simply a 
repetition of the same types of cells. In regular organismal growth, the simple process of 
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cellular repetition constructed new segments. To explain tissue differentiation, Cope 
made a rather cursory argument from general cell theory, referring to the work of Albert 
von Kölliker and Carl Vogt (Cope 1871a, 240). But it was not merely his ignorance of 
cell theory that drove this cursory explanation of cell division and cell differentiation. 
Rather, it was the basic ignorance of scientists generally, at the time, of underlying causes 
of cell repetition, cell differentiation, segment repetition, and segment differentiation that 
drove Cope’s next argumentative move. 
 Based on his discussion of the importance of repetition and differentiation in the 
creation of new variation and new levels of complexity, Cope argued that an underlying 
“growth force” must exist to explain the cause of cellular and segment division and 
differentiation, in both ontogeny and phylogeny. He basically proposed that there must be 
some physical cause driving the modification and differentiation of biological matter.18 
Cope described the growth force simply as follows.  
It seems necessary to believe that there resides in organized matter, and in its most 
unmodified representative, the nucleated cell, an affection which displays itself in 
repetition. This phenomenon reduced to its lowest terms, may mean cell-division 
only, but the proof is only clear in cases of growth proper. (Cope 1871a, 243)  
 
So, to solve the basic problem “What is the physical cause of cell division?”, Cope 
proposed a force inherent in biological matter. It was interesting that he gave this 
proposed force the term “affectation,” which designates a subtle yet important influence 
                                                
18 Like Eimer, Cope did not include many references to the work of Ernst Haeckel or 
other advocates of a similar position regarding growth force. In the case of the paper 
under consideration, Cope referenced the importance of Haeckel’s conception of 
phylogeny for his considerations of parallelism. He did not, however, go into a detailed 
discussion of Haeckel’s theories.  
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on the underlying matter. Throughout the rest of his 1871 paper, and indeed throughout 
his career as a whole, Cope sought to explain what this “growth force” was and how it 
operated in nature. As I show in my analysis below, Cope’s Primary Factors outlined a 
detailed ontological system of growth forces. 
 The question remained, regarding this proposed “growth force,” what was the 
relationship between the growth force and physical forces? To what extent was this 
“growth force” an attempt by Cope to physicalize the basic phenomena driving biological 
organization and differentiation, which explained the origin of variation? Cope wrote: 
The animal organism transfers solar heat and the chemism of the food (protoplasm) to 
correlated amounts of heat, motion, electricity, light (phosphorescence), and nerve 
force. But cell division is an affection of protoplasm distinct from any of these; 
although addition to homogeneous lumps or parts of protoplasm [...] should prove to 
be an exhibition of mere molecular forces, or attraction, cell division is certainly 
something distinct. It looks like an exhibition of another force, which may be called 
growth force. It is correlated to the other forces, for its exhibitions cease unless the 
protoplasm exhibiting it is fed. (Cope 1871a, 243) 
 
This passage gave readers a clear indication of the origin and basic relationship between 
the physical forces and the “growth force” being proposed by Cope. He wanted to be 
clear that the biological growth force was at once different from basic chemical and 
physical phenomena, yet at the same time ontologically connected to the chemical and 
physical world. So his proposed growth force was not “mystical” in any sense. Rather, it 
was the consequence of his exploration of the basic features of the origin of variation.  
 At this point in his theorizing about evolution, Cope had developed a firm 
grounding for the directionality of evolution and his theory of “growth force.” But he had 
not yet discussed the transmission of variation from one generation to the next. While 
Cope tends to be described as a neo-Lamarckian by historians—and that designation is 
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not wrong—he did not view his basic framework of evolution as an adherence to Jean-
Baptiste Lamarck’s principles as outlined in Philosophie Zoologique (1809). Rather, he 
saw his view that characters acquired during life were passed on to future generations as 
a consequence of his theory of “growth force.” Cope wrote:  
There is no act which does not direct growth force, and therefore there is no 
determination of growth force which may not become habitual; there is, then, no 
habitual determination of growth force which may not be inherited; and, of course, in 
a growing fetus becomes at once energetic in the production of new structure in the 
direction inherited, which is acceleration. (Cope 1871a, 245) 
 
This passage showed how Cope’s view—that variations that come about by growth force 
became heritable—was the basic framework of what would later become his “neo-
Lamarckian theory.”  
 To conclude, in these two early essays, “On the Origin of Genera” and “The 
Method of Creation of Organic Forms,” Cope laid out the basic theoretical framework 
that would later be the hallmark of his broader evolutionary theory. While he initially 
framed these essays as “ideas or sketches of theories,” they eventually became important 
to his evolutionary view espoused in the 1880s and 1890s. Central to his 1868 and 1871 
papers was the notion of the law of acceleration and retardation. This established a basic 
framework for interpreting the biological world (at least at certain levels of organization) 
as deeply constrained in its possible evolutionary pathways. Organisms could not evolve 
in all possible directions because variation was not multifarious. This focus on the cause 
of variation as central to any explanation of evolution dominates Cope’s argument in his 
1871 paper, and it became the central purpose of his Primary Factors. Furthermore, the 
notion that one must account for the cause of cellular division and differentiation through 
  82 
some “growth force” was a problem that Cope worked on throughout the rest of his 
career. 
 3.4 Introducing Primary Factors 
 Cope framed his book with respect to a variety of other sets of evidence that had 
been brought to bear on evolutionary problems throughout the past several decades. He 
made the claim that the sciences of “oecology,” embryology, and morphology had greatly 
influenced thinking about the nature and cause of evolution. His contribution to the 
subject, he pointed out, was to apply the evidence from paleontology to the problem 
(Cope 1896, v–vi).  
 In the preface and introduction of Primary Factors, Cope made several mentions 
of the need to fully understand the “efficient cause” of evolution, a clear reference to 
Aristotle’s four causes in the Physics and Metaphysics.19 The efficient cause from 
Aristotle’s Physics was stated as “the primary source of the change or rest; i.e. the man 
who deliberated was a cause, the father was cause of the child, and generally what made 
of what is made and what changes of what is changed” (Aristotle, 194b30–33). For 
Cope’s purposes, the efficient cause was the source of the change required for evolution 
to proceed, and he did not try to describe the cause in more detail. Emphasizing the 
efficient cause was an interesting strategy, because it focused the attention on the primary 
cause of evolutionary change, the cause of variation.  
                                                
19 Cope (1896, vi, 3); he also mentions the “efficient cause” on pages 76, 225, 386, and 
526.  
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 Cope continued in his introduction to show how the theories of Darwin, Herbert 
Spencer, Ernst Haeckel, and August Weismann do not provide a satisfactory explanation 
of the efficient cause of evolution. Cope did not disparage the contributions of these 
scientists, but rather he pointed out that the nature and origin of variation remained 
unknown and important parts of a full causal account of evolution. Cope argued that one 
source of evidence for the cause of variation that had not been employed was “the 
structural definitions of natural taxonomic groups” (Cope 1896, 8). He spent one full 
section of his book to show that this natural taxonomy displayed how “the variations that 
result in evolution are not multifarious or promiscuous, but definite and direct, contrary 
to the method which seeks no origin for variations other than natural selection” (Cope 
1896, 9). Cope sought to prove the reality of neo-Lamarckian theory through a careful 
examination of the physical causes of and directions inherent in natural variation. But, as 
I show, it was not simply the case that variation was the efficient cause of evolution. 
Rather, his energy theory of evolution provided the efficient cause of variation itself. 
 In order to fully demonstrate his claims about the importance of the origin of 
variation for evolutionary outcomes, Cope organized his work in three major sections. In 
the first section of the book, Cope argued that the variation of individual characters did 
not proceed in all directions but instead was limited in the possible paths it was able to 
take. In the second section, Cope argued that the causes of variation were physical stimuli 
from the environment or the physical process of use or disuse. In the third section, Cope 
showed that variation produced in the two aforementioned ways was heritable. Hence, his 
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theory covered the origin of variation, the cause of variation, and the heritability of 
variation as a set of causally interrelated theories.  
 In the introduction of Primary Factors, Cope outlined the fundamental theoretical 
difference between his view and that of Weismann as the representative neo-Darwinian, 
as seen in Table 1 below. I have included this table, since it provides us with a clear 
overview of Cope’s general position. While this logical outline is helpful to distill Cope’s 
opposition to Weismann, it perhaps belies the complexity and nuanced position of Cope’s 
argument throughout the book. Nevertheless, this table shows the basic way that Cope’s 
argument differs from Weismann’s, and those of other neo-Darwinians, at least as far as 
he understood it. 
 Cope’s declared main aim in Primary Factors was two-fold. He sought “to show 
in the first place, that variations of characters are the effect of physical causes; the 
second, that such variations are inherited” (Cope 1896, 14). While, clearly, these aims 
formed the foundation for Cope’s points 2 and 3 in Table 1, an important part of this 
theoretical approach to explaining evolution focused on points 5 through 7. Cope 
explained evolutionary causation primarily as a product of the nature and directionality 
inherent in variation. He viewed evolutionary outcomes of motion, habit, and mental state 
as the consequence of direct action between the organism and the environment, not as a 
consequence of natural selection acting over long periods of time. Cope believed that the 
direct physical interaction of the environment impacting organisms’ physical features was 
the best explanation for adaptive features in the biological world.  
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Table 1. Cope’s comparative representation of evolutionary theory (Cope 1896, 13). 
Cope’s view Weismann’s view 
1. Variations appear in definite directions. 1. Variations are promiscuous or multifarious. 
2. Variations are caused by the interaction of 
the organic being and its environment. 
2. Variations are caused by the interaction of 
the organic being and its environment. 
3. Acquired variations may be inherited. Acquired variations cannot be inherited. 
4. Variations survive directly as they are 
adapted to changing environments (natural 
selection). 
4. Variations survive directly as they are 
adapted to changing environments (natural 
selection). 
5. Movements of the organism are caused or 
directed by sensation and other conscious 
states. 
5. Movements of organisms are not caused by 
sensation or conscious state, but are a survival 
through natural selection from multifarious 
movements. 
6. Habitual movements are derived from 
conscious experience. 
6. Habitual movements are produced by 
natural selection. 
7. The rational mind is developed by 
experience, through memory and 
classification. 
7. The rational mind is developed by natural 
selection from multifarious mental activities 
 
 3.5 Primary Factors: The Phenomenon of Variation 
 Part 1 of Primary Factors outlined the basic phenomena of variation. Cope began 
by describing the production of variation as an inherently directed process. Like Eimer, 
Cope argued that evolution can only proceed in limited directions because variation was 
fundamentally limited in certain respects. He then went on to discuss laws of variation 
and evolution. Building off his earlier works on parallelism and specialization, Cope 
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restricted and focused his law of acceleration into a new empirically oriented chapter on 
parallelism. Finally, Cope discussed the role of variation through degeneration. Broadly, 
this first part of the book focused on the phenomena of variation and evolution, with the 
goal of clarifying the basic ways in which organisms vary. For Cope, this took place in 
definite directions. 
 Cope began part I with a thorough display of evidence to suggest that evolution 
did not proceed in any possible direction. He quoted Eimer’s work on butterfly wing-spot 
patterns as one type of evidence that he added to his own examples. Cope thought highly 
of Eimer’s work when he reviewed Organic Evolution in the journal The American 
Naturalist, and Cope took a cue from Eimer’s approach to explaining the directional 
patterns of coloration (Cope 1890). As he did many times throughout this book, Cope 
drew from his own work to provide evidence for evolution’s directionality. In this case, 
he reviewed work from his 1891 paper “Review of the Characters and Variations of the 
Snakes of North America” (Cope 1891). Much like Eimer, Cope set out a series of 
characters that show the directionality of variation in this group of Osceola doliata ssp. 
He argued that variation in this group necessarily proceeded according to the following 
pattern: (1) the presence of a light band extending from posterior to the eye downward 
and backward; (2) a black cross-band posterior to the prefrontal plates; (3) a chevron-
shaped mark with the apex on the posterior part of the frontal plate; (4) a series of lateral 
spots; (5) a series of alternating spots on the gastrosteges; (6) a series of spots on the 
center of the gastrosteges alternating with the other spots (Cope 1896, 31). Cope argued 
that this particular set of coloration patterns implied the determinacy of these traits. The 
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conceptual and explanatory similarity of this particular type of argument to Eimer’s work 
on butterflies and lizards, as discussed in the first chapter of this dissertation, is 
remarkable. 
  Cope’s next argumentative move provided reasons why phylogenetic and 
paleontological evidence could and should be brought to bear on the problem of 
variation. By doing this, he opened up the argument to a wealth of evidence familiar to 
him. He wrote:  
As the biologic types are variations become permanent, it is important to examine 
how the former stand related to each other. These relations express the direction 
which variation has taken, and throw a great deal of light on the nature of the 
process. (Cope 1896, 62)  
 
This approach allowed Cope to return to the notion of successional relation of organisms, 
as discussed in his early essays. Using evidence from the frogs and toads, Cope displayed 
the importance of successional patterns in interpreting phylogenies. This set of evidence 
transitioned nicely into his second chapter, which focused on phylogenetic evidence for 
the directionality of variation and evolution. 
 The second chapter of Primary Factors was an extensive account of various 
phylogenies. Cope covered the phylogenies of: all life on Earth, the classes of Vertebrata, 
Fishes, Batrachia, Reptilia, Aves, Mammalia, Horses, and Man. This chapter accounted 
for a fifth of the total number of pages in this book and displayed an impressive set of 
evidence for the directionality of evolution. Cope argued that you must have a sense of 
the evidence of directional phylogenies to fully understand the laws of variation that he 
described in the subsequent sections of the book (Cope 1896, 75).  
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 The first law that Cope articulated in his book was that of “the unspecialized”. 
This law stated that “the point of departure of the progressive lines of one period of time 
has not been from the terminal type of the lines of preceding ages, but from points farther 
back in the series” (Cope 1896, 172). Cope pointed out that Louis Agassiz and others had 
used this principle for quite some time in the field of phylogeny, but he wished to adopt it 
as a basic evolutionary principle. The argument in favor of this “law of the 
unspecialized” incorporated some of the basic facts asserted in the previous examples of 
phylogenies. Cope argued that, on the whole, specialized types of any period were 
generally incapable of adapting to changing conditions that characterize a new period in 
geology. Highly specialized forms, therefore, usually go extinct or degenerate 
considerably in time periods of rapid evolution. Conversely, unspecialized forms tend to 
be more capable of surviving such changes in their environment, and hence they continue 
on to form the basal lineage of the group in the subsequent era (Cope 1896, 173). This 
basic principle likely would not have met with much resistance from other biologists at 
this time. The presumption of a rigid and exclusively progressive scale of nature 
according to Lamarck was by 1896 long outmoded. In summation, Cope wrote: “in 
general, then, it has been the ‘golden mean’ of character which has presented the most 
favorable condition of survival, in the long run” (1896, 174).  
 Cope’s principle of parallelism in Primary Factors was significantly modified 
from his preliminary sketch in “On the Origin of Genera.” By 1896, he had expanded his 
general notions of exact and inexact parallelism to describe the relationships of all 
organisms with even the most remote relationships. The goal of his theory of parallelism 
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was to bring the studies of ontology, paleontology, and taxonomy to bear on the same 
problem: what are the nature and type of evolutionary modifications that distinguish one 
group from another (Cope 1896, 176)? He wrote:  
When the early or transitional stage of a higher form is exactly the same as a 
permanent lower form, the parallelism is said to be “hen the [...]. When the 
transitional stage of the higher only resembles the lower form in some one or more 
features, but not in all, the parallelism is said to be “inexact”. It is evident that “exact 
parallelism” can only exist between ancestor and descendant in the same restricted 
line, and can be therefore only demonstrated in the case of the nearest relative, 
between which a perfect phylogeny is known. (Cope 1896, 200) 
 
Cope developed a notion of parallelism that was more broadly coherent in its application 
across many taxonomic groups than his earlier formulations. He argued that the level of 
incompleteness of a parallelism was dependent upon the phyletic distance of the two 
organisms in question. Using the example of the shark and a man, there are only a very 
few and imperfect features of these two organisms that are shared in their embryology 
and hence the parallelism is inexact. But the parallelism between two species of sharks is 
much more complete. As a consequence of Cope’s expanded notion of parallelism, he 
was able to employ embryological and taxonomic data to ascertain the phyletic proximity 
of two organisms (Cope 1896, 207). 
 As in “On the Origin of Genera,” Cope articulated his theory of acceleration and 
retardation in embryology as the mechanical cause of divergence from parallelisms, or 
inexact parallelism. Similarly, his explanation in Primary Factors was much more easily 
comprehensible than in its earlier formulations. Interestingly, however, Cope expended 
little effort in elaborating on the law of acceleration and retardation. While the fourth 
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chapter concerned evolutionary degeneration, the laws of acceleration and retardation 
were not brought up again until the end of Primary Factors. 
 The context of this discussion of parallelism and the laws of acceleration and 
retardation is worth noting for the purposes of this dissertation. As opposed to his earlier 
paper, where these notions were presented as new theories awaiting further consideration, 
Cope’s organization of Primary Factors set an entirely different tone regarding the role 
of parallelisms and acceleration and retardation. These factors come into play after two 
hundred pages of evidence designed to display the idea that evolution proceeded in 
definite directions. This extensive empirical evidence was an important context for these 
ideas, since it indicates the extent to which Cope viewed these laws and basic principles 
as causally involved in the directionality of evolutionary outcomes based on biased 
variation.  
 One quotation demonstrates clearly how parallelism was involved in structuring 
variation so that it proceeded in definite directions. In a section concerning the opposition 
to the idea of parallelism, Cope wrote: “Parallelism is then reduced to this definition: that 
each separate character of every kind, which we find in a species, represents a more or 
less complete stage of the fullest growth of which the character appears to be capable” 
(Cope 1896, 208). Through this definition, which came out of a previous paper from 
1872,20 Cope placed a significant amount of explanatory value on the notion of 
parallelism as embodying a certain directed growth pattern within each particular 
                                                
20 The paper was reprinted in Cope’s Origin of the Fittest (1888).  
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character. Even this definition of parallelism implied an important role for non-random 
variation in evolutionary outcomes.  
 The non-randomness of variation took central stage in Cope’s fourth and final 
chapter of the first part of Primary Factors. Titled “Catagenesis,” this short and focused 
section of the book described the important ways in which degeneration had played an 
important role in shaping evolutionary history for major groups. Using several examples 
of degeneracy in major lineages—tunicates as degenerated chordates; snakes as 
degenerated tetrapods—allowed Cope to further emphasize the nonrandomness of 
variation. The cause of these degenerations, he argued, was the lack of kinetogenesis, or 
the lack of using these particular organismal characters. Previous sections of this book 
had set up the notion that variation was only able to proceed in certain directions. The 
presumption in the fourth chapter, then, was that the degeneration of these features is, to a 
certain extent, a reversion of the process by which the original characters were formed. 
As becomes clear in my analysis below, catagenesis was actually central to his energy 
theory of evolution. Cope discussed “catagenenetic energies” as purely physical and 
chemical energies that tended toward a stable equilibrium. But these considerations were 
only discussed in the third section of the book. 
 Cope concluded the first part of his book with the following passage summarizing 
his views on the directionality of variation:  
It has been proven, as it appears to me, that the variation which has resulted in 
evolution has not been multifarious or promiscuous, but in definite directions. It has 
been shown that phylogeny exhibits a progressive advance along certain main lines, 
instead of having been indefinite and multifarious in direction. (Cope 1896, 222) 
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Cope did not deny minor or “secondary” fluctuations that occurred in the evolutionary 
history of life on Earth, but he argued that these minor shifts have not made a significant 
impact on evolutionary history. Part 1 of Primary Factors provided evidence for the 
phenomenon of directed variation, thereby setting up the next stage in his argument: 
articulating the cause of variation. 
 3.6 Primary Factors: The Cause of Variation 
 Cope used the second major section of Primary Factors to articulate the basic 
causes of variation. No longer preoccupied with discussing the broad phenomena of 
directed variation, here he wanted to identify the primary causes of new morphological 
features. His basic conclusion, discussed in this section, was that there are two major 
fields of causes: environmental causes and use, which he called physiogenesis and 
kinetogenesis, respectively. The former concerned the direct physical interaction between 
the environmental conditions and the organism, whereas the latter concerned the response 
of an organism to physical use and disuse. Cope also discussed one of the major problems 
he had with Neo-Darwinism: natural selection cannot be the cause of that which it 
selects. By addressing each of these aspects of Cope’s analysis of the causes of variation, 
I analyze the ways he integrated his theory of the energy of evolution with his neo-
Lamarckian views on the causes of variation. I focus the analysis on Cope’s argument for 
kinetogenesis, since it occupied a substantial part of the book. 
  3.6.1 Physiogenesis 
 Cope’s argument in favor of the cause of physiogenesis is rather simple. 
Remembering that he argued in the third part of this book for the inheritance of traits 
  93 
acquired during life, the argument for physiogenesis as a cause of variation was 
straightforward. He argued that there was strong evidence that similar organisms acquire 
different variations dependent upon the environmental conditions in which they live. This 
point was essentially uncontested amongst biologists at this time. 
 Cope brought several forms of evidence to bear on the phenomenon of 
physiogenesis. He addressed variations caused by external, environmental factors in: 
mollusks, Artemia, lepidopterous pupae, flatfish, the coloration of birds, and blindness in 
cave animals. Cope had no qualms about taking lengthy direct quotations from others 
who had demonstrated a phenomenon, people like the British evolutionist Edward B. 
Poulton. The example of the coloration of flatfishes is instructive. In the year 1890, 
Joseph T. Cunningham (1893)21 did a set of experiments on juvenile flounders. He 
covered the top of the tank with an opaque cover and placed mirrors below the glass 
bottom. The result was that the flounders developed pigmented skin on their bottom 
sides, as opposed to the usual pigmentation on their topsides. Cope followed 
Cunningham’s conclusion and interpreted these findings as indicative of the type of direct 
physical changes produced in organisms by environmental conditions, and saw this as a 
classic example of physiogenesis. 
  3.6.2 Kinetogenesis 
 The process of kinetogenesis, or the origin and elimination of organs and features 
through use and disuse, was the second primary cause by which organisms become 
adapted to their surroundings. The sixth chapter of Primary Factors focused on this cause 
                                                
21 The translator of Eimer’s Organic Evolution. 
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of change in the organism, which Cope called the production of features through “molar 
motion.” As he had done in previous chapters, Cope presented his readers with a lengthy 
series of examples wherein the continued use by an organism of a particular feature 
caused that particular character to grow and become strengthened over time. Similarly, he 
showed how the disuse of a character facilitated its degeneration and removal from the 
organism over time. Cope drew on evidence from Mollusca, Vermes, Arthropoda, and 
extensive examples from the Vertebrata, the group about which he knew most. The 
evidence of kinetogenesis presented in this chapter added to the discussion of the 
variation and evolution of the main groups discussed in the first section on the 
phenomenon of variation. Cope’s discussion of the phenomenon of kinetogenesis thus 
provided the mechanical cause for the phenomena of directed variation that he presented 
in the first part of Primary Factors. The notion of kinetogenesis therefore concerned the 
origin of variation as a response to the behavior of organisms. Because new variations 
resulting from kinetogenesis presumably provided structures that, in their behaviors, 
aided an organism, kinetogenesis was also a factor relating to the adaptation of the 
organism to its environment. 
 Cope also included a brief consideration of characters that appear to have no 
benefit to the organism. He argued that there were two probable causes of these non-
adaptive characters: excesses or defects of growth energy in the organism (Cope 1896, 
247). Cope did not go into too many examples of non-adaptive traits in this section of his 
chapter, but instead he offered excessive growth energy as a byproduct of use and disuse 
in the organism as a whole. He used a quotation from his 1871 paper “Method of 
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Creation” to make the case that his theory of growth energy facilitated an explanation of 
the existence and continued manifestation of nonadaptive characters.  
The complementary diminution of growth-nutrition follows the excess of the same in 
a new locality or organ, of necessity, if the whole amount of which an animal is 
capable be, as I believe, fixed. In this way are explained the cases of retardation of 
character seen in most higher types. The discovery of truly complementary parts is a 
matter of nice observation and experiment. (Cope 1871, quoted in Cope 1896, 248). 
 
Cope used his growth energy explanation of non-adaptive traits in comparison with some 
of Darwin’s explanations of these features as a consequence of natural selection, the laws 
of variation, and the correlation of morphological features. Cope pointed out that the 
origin and persistence of non-adaptive traits were a problem for neo-Darwinians, since 
natural selection did not provide a satisfactory account of the phenomena. He argued that 
the energy theory of use and disuse, elaborated further below, provided a better 
explanation for non-adaptive features because it was based in the origin of variation 
itself, not the selection and persistence of variants. Throughout this chapter, Cope 
explored several ways in which characters became overgrown or overspecialized. This 
approach kept the reader’s attention immediately on one set of phenomena (non-adaptive 
traits), which his theory explained particularly well.  
 Two of Cope’s arguments relating to kinetogenesis are particularly relevant for 
the purposes of this dissertation. Firstly, Cope discussed how kinetogenesis stemmed 
from the origin of muscle tissues in the evolutionary history of life on Earth. Given that 
the motion of the organism was the centerpiece of Cope’s theory of kinetogenesis, his 
discussion of the origin of muscles provided him with the foundation for subsequent 
arguments. He argued that “the fundamental condition of the molar movements of 
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organic beings is the contractility of protoplasm” (Cope 1896, 249). The more complex 
protozoans showed contractility of specific regions of the cell to provide specialized 
motility in definite directions. With motion as a fundamental property of protoplasm, 
Cope then argued that the generation of more complex motions occurred throughout the 
course of evolutionary history.  
From these simple beginnings we can follow the muscular tissue to its various 
expressions in all classes of animals; to the concentric threads of the Coelenterata; to 
the longitudinal bundles beneath the integument of worms; and the various directed 
masses attached to the external skeleton of the Arthropoda, and the internal skeleton 
of the Vertebrata. The ease with which muscular tissue is grown in higher animals 
under use, permits us to infer that its development in all animals has been due to the 
same cause. Muscular structure is directly related to the needs of the structures to 
which it is attached, in the performance of movements. (Cope 1896, 250) 
 
The evolution of the muscles is a consequence of the continued contraction of the 
protoplasm. The origin of motion became more important in Cope’s discussion of the 
energies of evolution. 
 Rather than present his own views on the evolutionary history of muscle cells, 
Cope relied on lengthy quotations from a paper on muscles that Eimer published in 1892 
(Eimer 1892). The broad strokes of Eimer’s theory were present in Organic Evolution 
(Eimer 1890, 326–31), but the clarity and focus of the argument presented in his 1892 
paper showed a matured view of this particular aspect of Eimer’s thinking. Eimer’s 
argument proceeded in six stages. First, continued contractions of protoplasm in specific 
directions produced muscle masses. Second, the muscle mass differentiated into muscle 
tissue and connective tissue, the latter of which could not contract. Third, the first muscle 
masses originated on the external layer of the primary contractile region, this being 
different in various organisms. Fourth, the cause of this origination of muscles on the 
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external region of the body was that movements necessary for the organism to persist 
required movements near the external features of the organism. Fifth, the undifferentiated 
muscle mass divided into observable fibers due to persistent contraction over time. 
Finally, the cross striping of the muscle fibers occurred due to the cause of continued 
contraction since cross-striping distributes the contractility throughout the length of the 
muscle fiber. With just a few words presented in support of Eimer’s explanation of the 
evolution of muscles, Cope moved on to his next source of evidence for kinetogenesis. 
 The second major argument concerning kinetogenesis stemmed from Cope’s 
discussion of the origin of the vertebral column. He discussed primitive vertebral 
columns from deep in the history of evolution to explain modern forms. At each stage of 
the argument he hypothesized that the molar motions of the organisms would be 
sufficient to produce the physical form of the vertebral column found in the fossil record 
(Cope 1896, 362–74). He argued that, as the calcareous deposits began to evolve, any 
lateral movements of the organism—be they creeping or swimming—would interrupt the 
deposits at definite points in the body. “The lateral flexure of the body would be 
restricted to certain points, and the intervening spaces would become the seats of the 
[calcareous] deposits” (Cope 1896, 369). Put another way:  
It results from the above observations that the structure of the ratichitomous vertebral 
column has been produced by the movements of the body from side to side, as in 
swimming, during the process of the deposit of mineral material in and around the 
corda dorsalis. (Cope 1896, 370)  
 
This argument set up his readers to better understand how the motion of the organism 
could impact permanent and hereditary structures. 
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 Cope presented a figure in Primary Factors that was highly illustrative of his 
theory of the structure of the vertebral column (Cope 1896, 370–72). Figure 2 shows 
Cope’s argument that the evolution of the vertebral column of Eryops megacephalus, a 
species of extinct semi-aquatic amphibian was a product of the organism’s movements 
throughout its evolutionary history. The shapes of the individual vertebrae were a 
consequence of the lateral flexure produced by motion. He stated that the folds produced 
in the arm of a coat are analogous to the folds in the vertebral column. From a causal 
perspective, however, this was not an analogy. The physical causes of the folds of the 
coat were the same causes that produce the analogous intercentrum, pleurocentrum, and 
neurapophysis in the vertebral column. This explanation was a clear and simple 
perspective on the use and disuse of particular characters as directly producing the type of 
features observed in nature. Furthermore, this particular figure displayed how Cope was 
concerned to connect his biological theory of use inheritance with causes in physics. 
Throughout the first two parts of Primary Factors, Cope’s connections between physical 
forces and causation of biological phenomena set up his argument for the energetics of 
evolution.  
 In the final chapter concerning the causes of variation, Cope turned to natural 
selection as a possible cause in evolution. Cope presented a succinct overview of natural 
selection, suggesting that it is a very profitable avenue for further research (Cope 1896, 
387). Without providing a complete overview of the ways in which natural selection 
effected its change in nature, Cope briefly discussed the roles of isolation and sexual 
selection in evolution. But given that the main focus of this book was on variation, 
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Figure 2: Cope’s representation of a rachitomous vertebral column, and the pleating 
pattern of a coat, designed to show the influence of kinetogenesis.  
 
and not on evolution generally, Cope argued that selection cannot be the cause of 
variation. He wrote; “A selection cannot be the cause of those alternatives from which it 
selects. The alternatives must be presented before the selection can commence” (Cope 
1896, 393). With this straightforward argument, Cope flatly denied that selection could 
produce variation. It is worth mentioning that he did not deny the operation of natural 
selection in nature, however, only that it was capable of producing the variation from 
which it selects. Cope maintained a limited role for natural selection as weeding out unfit 
members of a population. 
 This second part of Primary Factors presented Cope’s theory of how organisms 
become adapted to the environment through clarifying the causes of variation from both 
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environmental and kinetic forces. Part 1 discussed the directionality of evolution and the 
basic laws and patterns observed in nature. But in discussing the changes to the organism 
as resulting from environmental forces and characters acquired, Cope developed his 
theory into a causal account of adaptation as well as of the cause of variation. This part of 
the book complements the first part where Cope articulated the phenomena of directed 
evolution. While Cope did not directly discuss the relationship between the directionality 
of evolution and the adaptation of organisms, he presumed a balance between the 
ongoing forces in nature. 
 3.7 Primary Factors: The Inheritance of Variation 
The third part of Primary Factors discussed the final component of Cope’s theory of 
evolution: the heritability of variation. Here, he necessarily confronted the complex issue 
of how his theory accounted for heredity, variation, and evolution. He went well beyond 
the analyses of evolution in his 1869 and 1871 papers, developing a working theory of 
heredity and evolution that accounted for acceleration, retardation, directed evolution, 
and the inheritance of acquired characters. In this dissertation section, I detail Cope’s 
argument for an energy theory of evolution, beginning with his analysis of heredity and 
then continuing to his discussion of the various energies that underlie the basic causes of 
life and evolution. I discuss Cope’s ontology of energies developed in this part of his 
book and discuss how it related to his views on the role of consciousness in the history of 
evolution. This section expanded greatly on Cope’s theories discussed in the first two 
parts of his book. He clarified the relationship between inheritance, variation, and 
development.  
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  3.7.1 Heredity 
In his chapter on heredity, Cope sought to answer one central question: What kinds of 
characters are heritable? This built off the work in the first two parts of his book, given 
that he had shown that structural characters could be produced by stimuli and growth. But 
the extent to which these acquired characters were heritable was a central consideration 
for his theory as a whole. By clarifying the kind of acquired characters that were 
heritable, and how that process occurs, Cope established the basic framework for his 
theory of heredity. 
 One of the classic problematic cases for proponents of the inheritance of acquired 
characters is the preponderance of evidence to suggest that mutilation cannot be 
inherited. Cope readily admitted the implausibility of hereditary mutilations, having 
himself cut off the tails of nine successive generations of mice without any noticeable 
heritable effect (Cope 1896, 400). These experiments were often touted by opponents of 
the inheritance of acquired characters, like Weismann, as insurmountable evidence that 
acquired characters cannot be inherited. Cope countered that the nature of a mutilation 
was different from the types of characters that resulted from growth or constant use. He 
deployed the evidence from the first two sections of his book to suggest that the 
characters that matter were a result of persistent use and repetitive growth over 
generations, not mutilations (Cope 1896, 400). At this point, he reminded his readers of 
the hundreds of pages of evidence for kinetogenesis from the second part of Primary 
Factors. 
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 In order to show that heritable acquired characters result from persistent and 
continued motion and growth, Cope used extensive quotations from his compatriot 
evolutionist and friend Alpheus Hyatt. Hyatt was one of the leading authorities on 
invertebrate paleontology, having extensively studied the evolutionary history of the 
nautiloids. Cope used sixteen pages of continuous direct quotations from Hyatt’s later 
papers on this subject (Hyatt 1893) to provide evidence from this class of organisms. 
Specifically, Hyatt’s work concerned the impression made by the dorsum of each outer 
whorl during the process of coiling. Details aside, Cope summarized Hyatt’s work as 
follows: 
The mechanistically acquired impressed zone is inherited from the greater part of 
the soma where it existed to a part of the soma of the young where it could not be 
produced by mechanical causes, by reason of the non-contact of the parts. (Cope 
1896, 420) 
 
Cope concluded that the evolutionary and embryological history of the group showed 
definitive proof of the inheritance of acquired characters.  
 Continuing his pattern of lengthy direct quotations, Cope turned to the work of 
Yale zoologist Professor William Brewer. Brewer’s work in Agricultural Science from 
1892 and 1893 provided an exposé of different proposed causes of the inheritance of 
acquired characters (Cope 1896, 422). One of the most compelling arguments in this 
section of Cope’s argument discussed a breeder’s history of the trotting horse. Brewer 
outlined a relatively simple argument. The utility of the trotting horse as a breed was 
relatively novel, having originated only after the manufacture of smooth roads and 
special carts. Therefore, the selection of individuals with particular ability to trot occurred 
over only a few generations. Brewer of course argued for a role of artificial selection, yet 
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he also concluded that the speed of the transformation of the breed was indicative that the 
motion and exercise of the breed impacted the hereditary material of subsequent 
generations. Brewer concluded, forcefully: 
Studied as phenomena, there is not a particle of evidence that these special changes 
acquired by the individuals were totally lost to each successive generation, and that 
all that was “transmitted by heredity,” was something that did not exist in either 
parent or in any ancestor. There is nothing whatever in the actual phenomena 
observed anywhere along the line of this development of speed that would lead us 
to even suspect that the changes due to exercise of function had not been a factor in 
the evolution, and that there is not a particle of evidence [...] that it would or could 
have gone on just the same by mere selection and adventitious variation. (Brewer 
quoted in Cope 1896, 429–30) 
 
Brewer’s argument for the inheritance of acquired characters in artificial selection was a 
fascinating turn, given that Darwin was well known to have used artificial selection as the 
metaphor for natural selection (Darwin 1859). In the case of the trotting horse, though, 
the change was so fast and direct that Brewer concluded that only a direct causal 
influence of the exercise of the muscles and bones required in trotting on the hereditary 
material could account for the speed of the change.  
 Cope used the evidence from Hyatt and Brewer to conclude that we must assume 
that some inherited characters may become impressed in the hereditary material (Cope 
1896, 438). He was careful to point out that this did not mean that all characters acquired 
became inherited. The reason he gave was that the hereditary material was very stable. 
Much like Eimer, Cope took the basic foundation of Weismann’s theory of the germ 
plasm as the foundation for his theory of heredity. He viewed hereditary material as 
chemical, modular, and divisible. As discussed in the first chapter of this dissertation, 
Weismann’s 1890 theory of the germ plasm relied on the notion that in embryonic 
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development, the germ plasm becomes subdivided as the organic tissues differentiate 
(Winther 2000). Cope generally supported this view, though he of course disagreed with 
Weismann’s insistence that somatic tissues could not influence the germinal material. In 
Cope’s section on the “conditions of inheritance,” he described how use and disuse 
impacted the germinal material.  
 One of the central problems with Weismann’s theory of the germ plasm as 
fundamentally separate from acquired characters was that this view seemed incompatible 
with unicellular life (Cope 1896, 471). Any character produced in unicellular organisms 
was reproduced in subsequent generations. Therefore, the conditions required for the 
inheritance of acquired characters changed depending upon the level of organization and 
differentiation in any given species. Cope interpreted Weismann’s theory to mean that the 
isolation of the germ plasm becomes more pronounced as one rises in the scale of 
specialization. “This isolation is progressively more pronounced as we rise in the scale of 
specialization of structure, but that it ever becomes absolute, the facts before us forbid us 
to believe” (Cope 1896, 439). Hence, Cope’s argument hinged on developing a plausible 
cause by which the action of growth and use could potentially impact the hereditary 
material.  
 Building off Weismann work on butterflies, Cope argued that experiments by E. 
B. Poulton showed that a physical stimulus may be transmitted to a gland and produces a 
modified character in successive generations.  
From both experiments we learn the transmissibility of energy from the point of 
stimulus to a remote region of the body, and its conversion into growth energy (in 
this case by Physiogenesis). This prepares us to look upon heredity as an allied 
phenomenon, i.e. the transmission of a special energy from a point of stimulus to 
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the germ cells, and its composition there with the emphytogenic (inherited) energy 
into bathmism (or evolutionary energy). (Cope 1896, 440) 
 
This quotation represented a pivotal logical move in Cope’s argument, showing that a 
physical stimulus could produce an energy in the organism that impacts the germinal 
material. Based on the previous chapter in Primary Factors, Cope argued that 
physiogenesis was causally tied to the germinal material. This established a system of 
causation whereby the environment, the somatic tissue, and germinal material were all 
causally related in the production of variation and evolution. 
 Rather than provide further evidence that acquired characters could be inherited, 
Cope turned to a diagrammatic and logical analysis of the relationship between the soma 
and the germ plasm. Cope called his theory “diplogenesis” because of the dual nature of 
the origin of a feature as acquired by an organism and the acquisition of that character by 
the germ plasm (Cope 1896, 443). As Figure 3 below shows, Cope characterized the 
relationship between generations and soma in a mathematical sense.  
Figure 3. Cope’s diagram of diplogenesis. 
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Cope developed several definitions to make sense of the relationship between the soma 
and the germ plasm.  
 S = the somatic features of the organism 
 g = the aggregate of characters potential in the germ plasm 
 A = a new character acquired by the soma 
 a = a new character acquired by S impressed upon g 
Cope’s diagram showed a succession of hypothetical generations, from 1–6.  
In the first generation, the germ plasm accompanied S and A, and a new character 
impacted on the germ plasm (a1). In the second generation, “a1A” represents the 
transmission of the character a1 from the first generation onto the soma of the second 
generation. By logical inference, the successive impact of S on a1, a2, a3, etc. 
progressively influences the germinal material of subsequent generations.  
 This simplistic diagram presented by Cope did not add anything particularly 
substantial to the theory of the inheritance of acquired characters discussed above. It 
distinguished between characters potentially acquired and those actually acquired in 
subsequent generations. It also, theoretically, was possible that the characters acquired 
and transmitted to the germ plasm (a1, a2, a3) could skip generations before becoming 
fully expressed in the soma (S). In this way, Cope hoped that his characterization could 
also account for atavisms (Cope 1896, 443).  
 Following the logical analysis as presented in the diagram above, Cope turned to 
the potential causes by which the germinal material in one generation could be influenced 
and a character passed on. Cope’s language of this causation was instructive. 
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I have already referred to the phenomena of the building or growth of the added 
characters which constitute progressive evolution as evidence of the existence of a 
particular species of energy, which I termed bathmism. (Cope 1896, 448) 
 
He proposed to build off his general conception of heredity and energy to explain the 
inheritance of acquired characters. Given that his primary concern was the origin of 
variation, the energies that produce a particular variation in a developing organism reflect 
the energies that instantiated said energy in the hereditary material to begin with. The 
question persisted, however: by what channels in the organism did the energy of use and 
growth influence the germinal material? Recognizing that this physical channel of 
causation from both without and within the organism to the germinal material was 
important, Cope proposed that the nervous system provided the answer (Cope 1896, 450). 
  He argued that the importance of the nervous system for transmitting causal 
influences from the environment to the organism (and within the organism) made it the 
best candidate for transmitting energies and stimuli from the soma to the germinal 
material.  
This central nervous system is the seat of a composition of incoming stimuli and of 
outgoing energies, the resultant of both combined constituting the active agency in 
the production of automatic adaptive or intelligent adaptive movements of any and 
all of the organs [...] we may compare the building of the embryo to the unfolding 
of a record of memory, which is stored in the central nervous organism of the 
parent, and impressed in greater or less part on the germ-plasma during its 
construction, in the order in which it was stored. (Cope 1896, 451) 
 
 Cope used the notion of memory of the germinal material, an idea he explained fully 
with his theory of energies and consciousness. But he was clear in his first usage of 
“memory” that the impression of adaptive movements onto the germ plasm imprints the 
memory of repeated action into the germinal material.  
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The basis of memory is reasonably supposed to be a molecular (or atomic) 
arrangement from which can issue only a definite corresponding mode of motion. 
That such an arrangement exists in the central nervous organism is demonstrated by 
automatic and reflex motions. (Cope 1896, 452) 
 
Cope viewed heredity as a consequence of the relationship between the motions within 
the body and the hereditary material. 
 The metaphor of memory remained important for Cope’s argument with respect 
to the material of heredity later in his book. He wrote that “a single impression is often 
easily forgotten, and the certainty of recollection is largely dependent on the frequency of 
repetition of the stimulus” (Cope 1896, 493). The consequence of this view was that 
frequently repeated stimuli were more likely to become impressed on the soma, as was 
the case with memory. This analogy made sense of why, therefore, mutilations do not 
become hereditary with much frequency, since the stimulus is not repeated frequently.  
  3.7.2 Energies of Evolution 
Cope’s system of heredity was the foundation for his theory of the energies of evolution. 
These energies represent a complex system of interactions within organic beings. Cope’s 
theory of energies of evolution stemmed from his thinking in his 1871 paper, but his 
system of thinking was considerably more developed in Primary Factors. The term 
“energy” used in the context of biology often strikes modern ears as somehow wrong or 
bizarre. Cope’s system was complex, and his terminology is foreign to modern readers. I 
defined these energies in a table (Table 2) to aid the understanding of this section. 
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Table 2: The terms and corresponding definitions used by Cope to describe his energy 
theory of evolution. 
Term Definition 
Anagenetic A class of energies exclusive to vital phenomena, which are 
distinguished by growth and evolution and may be exhibited by a 
tendency toward progress. 
Catagenetic 
A class of energies exclusive to chemical and physical phenomena, 
which may be exhibited by a tendency toward equilibrium. 
Molar motion Motion of an organism. 
Bathmism A special form of growth energy responsible for the development of 
the organism, also known as “grade growth force”. 
Bathmogenesis The modification of bathmic energy over time, producing evolution. 
Antichemism The production of protoplasm by plants, thereby producing living 
matter from non-living matter. 
Emphytism Simple growth force. 
Ergogenesis From John Ryder, the exhibition of growth energy, through 
statogenesis, emphytism, and bathmism. 
Statogenesis The conditions and physical and chemical movements that underlie 
growth energy. 
Kinetobathmism Differentiated growth energy due to molar movements as expressed 
in the tissues. 
Physiobathmism Differentiated growth energy due to physical or chemical external 
agencies (molecular motions). 
Autokinetogenesis The effect of motion or use on the soma. 
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 The first step of Cope’s argument established the basic categories of energies. He 
noted that there was a problem in any distinction set up on the idea of a strict division 
between organic and inorganic energies, because organic entities were able to exhibit 
energies that were traditionally thought to be inorganic in nature (Cope 1896, 475). For 
example, some eels were able to give off electricity, and electricity caused muscle 
spasms. Consequently, Cope proposed a division that was a little different. He argued that 
some energies tend toward the phenomena of life, whereas others do not. He gave the 
names “anagenetic” and “catagenetic” to these classes of energies, respectively.  
The anagenetic class tends to upward progress in the organic sense; that is toward the 
increasing control of its environment by the organism, and the progressive 
development of consciousness and mind. The catagenetic energies tended to the 
creation of a stable equilibrium of matter. (Cope 1896, 475)  
 
To support his views on this basic division of energies, Cope referenced Herbert 
Spencer’s and Thomas Henry Huxley’s theoretical work on this division between living 
and non-living entities.22 
 Anagenetic energies were not simply exclusive of other forms of energy, but they 
fundamentally restructured nature.  
In the anagenetic energies, on the other hand, we have a process of building 
machines, which not only resist the action of catagenesis, but which press the 
catagenetic energies into their service. In the assimilation of inorganic substances 
they elevate them into higher, that is more complex, compounds, and raise the types 
of energy to their own level. (Cope 1896, 478) 
 
This quotation shows how complex and far-reaching Cope’s theory of energies of 
evolution was. Not only did anagenetic energies produce life, they were responsible for 
                                                
22 Specifically, Cope referenced Spencer’s First Principles and Huxley’s introduction to 
Lay Sermons and Addresses. 
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the transformation of matter. Beyond matter, however, these energies could also 
transform motion, or one energy into another. That capacity allowed the assimilation of 
catagenetic energies into anagenetic energies. 
 Cope divided the basic functioning of the body into two broad energetic 
categories. The functioning of organs was catagenetic. He argued that a nitrogenous 
organic substance decomposes in the tissues, releasing energy that tissues and organs 
deploy for their basic functions. These released energies are catagenetic, produced 
through a process of “retrograde metamorphosis.” The organic substances are passed 
through the blood to the different tissues. So this meant that the actual functioning of an 
organism was predominantly chemical and physical under Cope’s view. What was not 
included in the basic functioning of organ systems was a description of growth in the 
embryo, a process called “bathmism” (Cope 1896, 479).  
 The existence of bathmic energies was conditional in Cope’s view, but also 
central to his overall theory. He called bathmism a “hypothesis” deserving serious 
consideration. In this tentative light, he decided to pick apart the evidence for bathmism 
and analyze the different kinds of bathmic energies that influenced the development of 
individual organisms and the evolution of species over time. The growth or bathmic 
energies are not necessarily complex; they start out as simple, non-differentiating 
energies. Cope argued that the simplest case of bathmic energy was the subdivision of a 
unicellular organism into multiple copies. The more complex expression of bathmic 
energy was the process of organismal differentiation in development. The change of 
bathmic energies over time explained evolution, called “bathmogenesis” (Cope 1896, 
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479). This occurred through the process of elaborating a simple, non-specialized energy 
into a complex and highly specialized form of bathmic energy.  
 Early in his argument, Cope gave one central reason supporting his view of the 
energy of evolution: it explained the inheritance of structural features in transmitting 
them from the soma to the germ plasm. He argued that the energy theory of evolution 
was more conceivable than the particulate theory of Darwin’s pangenesis. In his book 
Variation of Animals and Plants Under Domestication, Darwin viewed the “gemmules” 
of heredity as being transformed in the body cells and then becoming transmitted after 
collecting in the gonads (Darwin 1868). Hence, the cause by which acquired characters 
became part of the hereditary material passed on from generation to generation was 
particulate in nature. Cope’s theory used the idea of bathmic or growth energies 
impacting the germ plasm. But these energies were also transmitted from one generation 
to the next. The cause by which acquired characters became hereditary was energetic in 
nature, and yet the energies were also transmitted between generations.  
 Cope even went so far as to set up an analogy to explain the relationship between 
his theory and Darwin’s. He argued that his theory of bathmism was to Darwin’s 
pangenesis as the wave theory of light was to Newton’s particulate theory of light (Cope 
1896, 480). Through this metaphor, historians see that his theory was similar in scope to 
Darwin’s pangenesis in its explanatory goals, yet employed a different ontology. As such, 
it accounted for heredity, variation, selection, and the inheritance of acquired characters. 
 Cope’s argument had a potential flaw he wanted to counter: how could it account 
for the origin of the phenomena of all living organisms? Given that the tendency of 
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catagenetic phenomena was away from vital (anagenetic) phenomena, Cope did not see 
how anagenetic energies could be the product of catagenetic ones. Indeed, if the 
distinction between anagenesis and catagenesis was a different “tendency” toward or 
away from vital phenomena, then the production of anagenetic energy from catagenetic 
energies seemed improbable.23 Furthermore, the lack of support for spontaneous 
generation was evidence that catagenetic energies cannot produce anagenetic energies. 
Based on this reasoning, Cope concluded that the origin of vital phenomena stemmed 
from the action of plants building up living from non-living matter. He called this energy 
“antichemism,” or the “elaboration of living from non-living matter.”  
 Antichemism was a subset of anagenetic phenomena, not a product of catagenesis 
(Cope 1896, 484). Antichemism built up living matter from non-living matter by 
generating protoplasm from inorganic matter (Cope 1896, 483). This protoplasm was 
then transmitted to animals through consumption, and became the basis for the energy 
required for the functioning of organ systems. Antichemism was, in a sense, analogous to 
bathmism. While bathmism was the anagenetic energy of growth and differentiation, 
antichemism was the anagenetic energy of producing living matter from non-living 
matter. For Cope, this division of anagenesis into antichemism and bathmism sufficiently 
explained the origin of vital phenomena.  
                                                
23 Cope’s discussion of degeneration over time was called “catagenesis” earlier in this 
book. The degeneration of living energy occurred through the tendency toward 
equilibrium, or away from vital phenomena. Cope called this degeneration “retrograde 
metamorphosis” (Cope 1896, 508). 
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 With these basic divisions established, Cope transitioned his argument to focus on 
bathmism, or bathmogenesis, meaning the origin of bathmic energies. He elaborated 
different forms of energies, dependent upon the conditions and origins of these energies. 
In a matter of pages, Cope coined numerous new terms to parse the problem of energies. 
 In Primary Factors, Cope built his notion of bathmism off the broad notion of 
“growth force” outlined in his 1871 paper. He maintained the notion of simple or 
inherited growth force—for which he used the term “emphytism”—as distinct from 
“bathmism” or grade growth force. This notion of emphytism “can only be observed in 
the embryos of sexless or parthenogenetic origin, and in the repair of tissues” (Cope 
1896, 485). Emphytism was distinct from true bathmism, therefore, in that it was not 
differentiated to the same extent as bathmism, though it was a type of bathmism. 
 The differentiation of growth forces continued, however, in the expression or 
exhibition of growth energies, which the American embryologist John A. Ryder called 
“ergogenesis” Ryder was a colleague of Cope’s, and they both developed theories of 
evolution and heredity through energy in the mid-1890s (Ryder 1893). There were two 
special aspects of ergogenesis. The first was mechanical causes within the organism, like 
the physical tensions inherent in protoplasm under all the conditions of growth. These 
were the conditions, which underlie the growth energies, and Ryder called these 
movements “statogenesis” (cited in Cope 1896, 485). The second division of ergogenesis 
was into emphytism and bathmism (both simple and grade growth force).  
 Cope made a further distinction of bathmism into “kinetobathmism” and 
“physiobathmism” (Cope 1896 490). The former was differentiated growth energy 
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produced as a consequence of molar movements of the tissues, such as impact or strain. 
Physiobathmism was differentiated growth energy that was a consequence of physical or 
chemical external agencies (Cope 1896, 485). Cope’s theory set up the basic causes, 
physicochemical or kinetic, that impact bathmic energy. He even argued that the 
relationship between bathmic energy and its source, and sources of change, was 
quantitative (Cope 1896, 488–89). He did not actually try to quantify the relationship, 
except to say that the continuity of energies must be extremely efficient in transforming 
one energy into another. The only energy lost, he argued, was visible in the “slight rise of 
temperature [...] noticeable in the eggs of cold-blooded animals and in flowers when 
reproduction is active” (Cope 1896, 489). 
 The next stage of Cope’s argument was to clarify the origin of bathmogenesis. He 
wrote: 
The first appearance of bathmogenic action is the first modification of the statogenic 
and emphytogenetic energies from whatever source. Changes may be effected in the 
weight, color, and in functional capacity by temperature, humidity, food, etc., thus 
exhibiting physiogenesis. Or changes in the size and forms of parts of the body may 
be produced by movements of the organism, or of its environment, so displaying 
kinetogenesis. (Cope 1896, 488) 
 
These sources of bathmism originated in the individual developing organism, expressed 
as differential growth rates and differentiation with respect to previous generations. If 
that bathmic energy was passed on to subsequent generations, then it would constitute 
evolution. If that bathmic energy remained only in that one generation, then Cope 
considered it authobathmogeny. Physiogenesis and kinetogenesis not passed on to future 
generations constituted autobathmogeny. This was effectively equivalent to the plasticity 
  116 
of an organism to its particular environment, and it was the central subject of part 2 of 
Primary Factors.  
 Cope derived more than a simple ontological system from his discussion of 
bathmism. He also argued that the sequence of changes in a developing organism—the 
expression of the bathmic energy—occurred in the sequence that was most frequently 
repeated for the longest time. Hence, cell division of the fertilized cell was the first action 
of animal life. “Segmentation of the oösperm is the first movement of bathmism. Each 
subsequent movement appears in the order of potency, which is, other things being equal, 
a time order, or the order of record” (Cope 1896, 489–90). This corresponded, loosely, to 
the discussion of segmentation and differentiation in the growth energy in Cope’s 1871 
paper. He built upon this notion of segmentation and differentiation as the foundation of 
development and evolution in Primary Factors. 
 The major payout of this complex system of energies was that it explained the 
fundamental cause of the origin and cause of variation, the goal for his book. His dual 
system of heredity, with both the bathmic energies and the germinal material passed 
along as well, was quite fascinating. It explained the cause of cell division and 
differentiation in ontogeny, how variation became heritable, and how evolution 
proceeded over time. But this view had one large consequence for Cope. 
  3.7.3 The Function of Consciousness 
 Central to Cope’s theory was that an organism’s ability to respond to stimuli in 
the environment was central to how new features come to be in the first place. In the final 
chapter of Primary Factors, Cope developed a set of arguments that stretched the use of 
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the terms “energy” and “consciousness” in ways that modern-day biologists and 
philosophers might find problematic. It is, nevertheless, a logical continuation of his 
hypothesis of energies that complete his system, as I describe below. Cope admitted that 
his hypothesis about consciousness was even more tentative than his ideas of energy 
because the relationship between consciousness and the physical basis of matter was “as 
yet a profound mystery” (Cope 1896, 506), and he considered it a metaphysical question 
(1896, 497).  
 When Cope discussed “consciousness” in animals, he did not mean “self-
consciousness” or “self-awareness.” Rather, he was committed to a broad notion whereby 
consciousness was the same as sense perception (Cope 1889). He endeavored to 
understand the evolutionary origin of volition and molar motion so characteristic of vital 
phenomena. He argued that the contraction of the protoplasm caused by an external 
stimulus was the simplest form of molar motion, but that the motion in organisms with 
nervous systems was more traditional (Cope 1896, 497). He made this logical move by 
distinguishing between voluntary or “effort” motions from automatic motions.  
 Cope argued that effort was the immediate cause of a voluntary motion—effort 
precedes motion. Since effort was a result of conscious response to a stimulus, then 
consciousness precedes effort; effort indicated a conscious state. He wrote: “It is 
generally believed that a mental state, as a sensation or a desire, which may or may not 
stimulate a rational process as an intervening element in the circuit, is concerned in 
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overcoming this resistance” (Cope 1896, 498).24 Based on this idea, Cope argued that the 
bulk of observations of animals showed that many were capable of performing acts in 
response to entirely new stimuli. Doing so displays a kinetogenic adaptation of the 
individual organism to a new situation, thereby requiring effort from the organism, in 
some capacity (Cope 1896, 504).  
 Cope went on to argue that because biologists observe the phenomena of 
sensation and motion in organisms of low complexity, like protozoa, reflex actions in 
these organisms must be the products of conscious acts. Cope’s doctrine of 
“archaestheticism” stated that conscious states preceded organisms in time and evolution 
(1896, 505). That statement may strike modern readers as fundamentally bizarre or 
downright insane, but it is a logical consequence of his conception of motion, effort, and 
consciousness. Approaching this theory from the perspective of a series of logical 
statements helps clarify his meaning.  
o The earliest living organisms moved in response to environmental stimuli. 
o Some form of effort must have preceded that movement. 
o Effort requires a conscious state (following Cope’s definition of 
consciousness). 
o Therefore, consciousness preceded the first organism. 
This is not to say that consciousness existed throughout extensive time on the abiotic 
Earth. Rather, Cope stated that “consciousness was coincident with the dawn of life” 
                                                
24 Cope did not directly reference Lamarck here, and his views represent an attempt to 
explain the relationship between environmental stimuli and action in organisms. His 
theory did not imply that organisms can consciously or willingly chose to evolve. 
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from an evolutionary perspective (1896, 508).25 Cope argued that some consciousness, of 
whatever quality, must have preceded the action requiring effort by the first organism. 
This was similar, in certain respects, to Cope’s motivation for articulating his energy 
theory of evolution. He wanted to incorporate the efficient cause of the voluntary action 
into his system of thinking. 
 At this point in his argument, readers might not be surprised that he connected the 
efficient cause of energies in evolution with the efficient cause of effort, consciousness. 
He developed three formal statements to clarify the basic relationship between energy 
and consciousness. 
1) “energy can be conscious” (Cope 1896, 508). 
2) “energy become automatic is no longer conscious” (Cope 1896, 507). 
3) “in animals, energy, on the loss of consciousness, undergoes a retrograde 
metamorphosis” (Cope 1896, 508). 
These three propositions likely strike modern readers as deeply foreign and confused. But 
looking through the system of energies that Cope developed in his preceding chapter, 
these statements become comprehensible—thought perhaps not plausible. Looking more 
closely at these statements provides us with some answers. 
                                                
25 This is a challenging section of Primary Factors that prompts more questions than it 
provides answers to, as Cope admitted. It is clear that he was struggling to articulate the 
nature of organismal response to stimuli and provide a coherent origin point for 
consciousness as he conceived it. These types of problematic theories plague so many 
theorists attempting to reconcile major branches of science or tackle the “big problems.” 
As I show in Chapter 4, Berg’s theory was hypothetical and problematic, though in 
different respects. 
  120 
 The first statement was quite simple, in certain respects. In this he was saying that 
certain energies had the property of overcoming resistance to a given stimulus, thereby 
showing effort. In Cope’s system of energies, kinetobathmism was the natural target for 
this type of expression—kinetogenesis being the evolutionary development of this 
bathmic energy. Whether the repeated contraction of a muscle in animals, or merely the 
contraction of the protoplasm in simple organisms, there was no conflict in reconciling 
Cope’s limited sense of “consciousness” with the bathmic energies discussed above.  
 The second proposition followed neatly from the first in the context of his theory 
of the inheritance of acquired characters. The conscious energy that became automatic no 
longer required the stimulus to produce the effect. Cope discussed how an action became 
habitual in animals and humans over time as a result of conscious foresight or specific 
response to a stimulus. Presumably, also, when the automatic bathmic energies of 
development were transmitted from one generation to the next, the once-conscious 
energies became embedded into a lineage of transmitted energies. Also, the impact of 
bathmic energies on the germ plasm, producing heritable germ-line changes, was another 
way that energies could be passed on or become automatic. Concerning this mechanism, 
readers came to understand why Cope used the notion of “memory” of sensations 
becoming hereditary, as discussed above. In a sense, the once-conscious energies became 
automatic when “encoded” in the hereditary material. Cope’s discussion of the germ 
plasm as “memory” was not so metaphorical. 
 The third statement by Cope is more simply an intuitive description of the 
phenomenon of death. Indeed, the lack of ability to produce effort, which defines the loss 
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of consciousness, suggested a dissolution of the anagenetic energies within an organism. 
As he put it, “animals who do not perform simple acts of self-preservation must 
necessarily perish sooner or later” (Cope 1896, 509). The consequence of this logic, 
however, was that consciousness now (or consciousness in the past that became 
automatic) prevented death in the individual and within the species. For this reason, Cope 
concluded that consciousness played a fundamental role in the rising scale of organic 
evolution. To the extent that his doctrine of kinetogenesis was true, he was right (Cope 
1896, 509–10). 
 Within this system of conscious energies, there were a few noteworthy points in 
Cope’s thinking. Firstly, it allowed him to employ the entire scale of animal organization 
from protozoa to aristocratic white human males as evidence for his theory of conscious 
energy. Secondly, because consciousness became automatic, the notion of consciousness, 
in his view, was quite limited in the scope of its actions. “Movements of organic beings 
on frequent repetition become automatic, reflex, and finally, as it is termed organic” 
(Cope 1896, 510). This was an important move for Cope to make because, otherwise, 
virtually the entire purview of organic causation would be due to active consciousness, a 
position that seemed obviously problematic. Thirdly, this system of consciousness 
provided potential clues to the action of primitive organisms in generating voluntary 
movements that are today involuntary in higher organisms. He argued that voluntary 
motions in primitive organisms were the cause of the movements of the heart, intestines, 
and other internal organs (Cope 1896, 511).  
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 Perhaps the most significant conclusion from Cope’s view of consciousness, 
however, was that it provided further support for his theory of anagenesis, and gave it its 
progressive nature. This made sense. Because catagenesis was the tendency of inorganic 
energies toward a stable equilibrium, what explained the origin and evolution of life in 
the face of that stable equilibrium? Cope viewed conscious effort in unicellular life as the 
start of anagenesis, and the human mind as its latest and greatest product. He did not 
integrate a notion of teleology into his views, just that evolution was the result of “the 
mind and body hav[ing] thus developed contemporaneously and having reacted mutually. 
Without the cooperation of all these factors, anagenesis seems impossible” (Cope 1896, 
517). 
 3.8 Intellectual Reception of Primary Factors 
 Book reviews of Primary Factors, of which there were quite a few, provide 
historians an excellent window into the immediate reception of Cope’s treatise. Save for a 
review in Nature by Alfred Russell Wallace, the reception of the book was generally 
positive. On the whole, the reviews fully recognized the main objective of the book: to 
make variation a core element of a complete causal account of evolutionary phenomena. 
They also emphasized the way in which Cope’s theory fundamentally contrasted with the 
theories of neo-Darwinians. While most reviews treated this work as a contribution to 
Neo-Lamarckism, the centrality of evolutionary directionality featured in two of the 
largest and most substantive reviews.  
 It is perhaps unsurprising that Alfred Russell Wallace, a staunch defender of neo-
Darwinism, presented Cope’s book as fundamentally misguided and problematic. 
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Wallace (1896) gave Cope credit regarding the importance of the production of variation 
for understanding evolutionary causation, but he argued strongly against the conclusion 
that the nature of variation produced any directionality. Wallace stood firm beside 
Weismann on the multifariousness of variation, and called out Cope on his argument that 
natural selection cannot cause that from which it selects. He argued that no serious 
Darwinian held that view and that Cope’s rhetorical strategy was misleading. Wallace 
failed, however, to recognize the context in which Cope used that statement. Cope never 
actually stated that neo-Darwinians held that view. Rather, one might see this argument 
as a way to focus the reader’s attention on the importance of the production of variation 
in the developing organism. Based on Wallace’s book review, J. Mckeen Cattell (1896) 
wrote a letter to the editor in Nature, reminding readers of the journal that Wallace’s 
theories likely caused him to use harsh and negative language in his assessment of Cope’s 
book. While not necessarily agreeing with Cope, Cattell held Primary Factors to be most 
interesting and thought provoking. 
 Most other book reviews of Primary Factors followed Cattell’s perspective. They 
were spread out over a variety of periodicals at the time, including: Nature, Science, The 
Psychological Review, The Philosophical Review, The Monist, The Sanitarian, The Dial, 
and The American Antiquarian and Oriental Journal. All of these reviewers suggested 
that readers cautiously approach Cope’s theory since the ideas were tentative and 
hypothetical. In The Psychological Review, Cattell characterized the potential value and 
nature of Cope’s book with the following general statement about theories in biology: “If 
those who make no hypothesis make but few mistakes, they also make but little progress” 
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(1896, 440). Primary Factors certainly falls in this category of hypothetical and 
theoretically ambitious. In a similar vein, F. Schiller wrote that Primary Factors was 
suitable for students of psychology and the philosophy of evolution. 
I regard it as especially valuable for its clear exposition of the ultimate necessity, 
even in science, of explaining the lower by the higher (the biological by the 
psychological rather than by the physical and chemical, in this case), and as an 
important contribution to the proper method of such explanation. And in an age in 
which the joy of working the methodological assumptions of the lower sciences has 
too often led to their indiscriminate and exclusive application, one cannot be too 
grateful to a scientist of Professor Cope’s eminence when he, from his side, essays to 
pave the way for the final harmony of the facts of science with the postulates of 
philosophy. (Schiller 1896, 647–48)  
 
In his review published in the journal Nature, H.S. Williams spent several pages 
articulating Cope’s energy theory of evolution with the goal of describing this hypothesis. 
Hence, while reviewers praised the broad-reaching implications of Cope’s theory, they 
recommended approaching the text with caution. 
 Two of the longest reviews of Primary Factors fully described the centrality of 
the production of new variation as the cause of evolution in definite directions (Cattell 
1896; Williams 1896). Cattell concluded his review by saying that 
it may be acknowledged that we owe chiefly to Cope and the other American Neo-
Lamarckians the clear formulation and partial proof of the proposition that variations 
are not promiscuous nor multifarious, but are of certain definite kinds and in certain 
definite directions. This represents an important advance beyond Darwin’s position. 
But we must wait for a second Darwin and a greater Darwin to teach us the efficient 
causes of variations and of heredity. (Cattell 1896, 443) 
 
Williams’ review in Nature similarly highlighted the focus in Primary Factors on the 
inherent directionality of evolutionary causation. He even reproduced the seven major 
features of Cope’s doctrine represented in Table 1 above. As such, both of these 
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reviewers went beyond simply describing Cope’s theory as another iteration of neo-
Lamarckism. They recognized Cope’s core argument that the production of new variation 
in the developing organism produces evolution in definite directions.  
 Other reviews followed significantly along these lines generally describing 
Cope’s Primary Factors. Interestingly, not much was made about the energy theory of 
evolution immediately, nor Cope’s attempt to synthesize a range of concepts and types of 
evidence from various sub-disciplines into one theoretical framework, points of interest 
to note for the conclusion of this dissertation. 
 3.9 Conclusion 
This chapter analyzes Cope’s Primary Factors of Organic Evolution to furnish an 
understanding of his views on definitely directed evolution. Due to the context of this 
book in the body of Cope’s evolutionary thinking, this analysis includes a discussion of 
two earlier essays on evolution, “On the Origin of Genera” (Cope 1868) and “The 
Method of Creation of Organic Forms” (Cope 1871a). Taken as a trio, these works 
display the synthetic theory of Cope across his life. The early works clarify the initial 
reasoning and evidence for directionality in his laws of acceleration and retardation. 
These early ideas culminated, after his lifetime of work as a biologist, in his major work 
of evolutionary theory, Primary Factors. 
 This chapter displays the central thesis of this dissertation as consistent with 
Cope’s work. The directionality of evolution was central to Cope’s thinking, both in his 
early papers and in Primary Factors. He provided a tremendous bulk of evidence for the 
process of variation as an inherently directed and limited process in his book. As in the 
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proposals by Eimer, we see in Cope’s work an emphasis on the phenomenon of variation 
as an inherently directed process, moving toward either increased complexity or 
decreased complexity. The first part of his book was clearly a direct extension and 
extrapolation of the ideas put forth in his 1868 paper on genera. 
 Cope’s theory, as outlined in Primary Factors, displayed clearly that he held the 
nature and origin of variation to be central to his theory of evolution. His theories of 
physiogenesis and kinetogenesis articulate his vision for the root causes of variation in 
organisms. Like Eimer, he sought to identify the basic ontological relationships between 
organisms, their environment, and the production of new variation. His extensive 
evidence for these phenomena shows a careful attention to empiricism over theorizing, at 
least in his presentation of the ideas in Primary Factors. He sought to distinguish the 
basic patterns of variation, outlined in part 1, from the essential cause of those variations, 
covered in part 2. While he did not use the term “law” frequently in the book, it was 
generally the case that Cope employed this term when describing general phenomena of 
variation. These concepts were pivotal to his long-term trajectories of evolution. The 
third part of Primary Factors detailed Cope’s theory of inheritance, a system of dual 
inheritance in which both the physical entities of heredity and the energies of evolution 
are passed from generation to generation. These mature ideas clearly stem from the 
original theoretical sketches set out in his 1871 paper. Cope’s energy theory of evolution 
ties together his views on variation, evolution, and inheritance into a synthetic and wide-
ranging theory. At the very core of this theory was his emphasis on the centrality of 
variation. 
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 This book presented a logically coherent and novel theory about the relationship 
between heredity, variation, and evolution. My analysis shows the extent to which Cope 
synthesized a variety of perspectives into one coherent, unified, and synthetic theory of 
heredity, variation, and evolution. While the evidence for Cope’s theory was 
predominantly paleontological, he developed a multidimensional and integrative suite of 
energies and causes that shaped his unified vision of organismal form and transformation. 
Furthermore, Cope was not misguided in discussing the importance of the “efficient 
cause” of evolution. Variation is the efficient cause of evolution; it is the thing that causes 
the evolutionary change to start. But it seemed that Cope may have been modest in his 
introduction, because his energy theory of evolution also went some way towards 
explaining the efficient cause of variation itself. Having struggled through Cope’s 
complex terminology, the reward for readers was an ontology of energies that 
differentiated a variety of possible sources of variation. As such, Cope’s theory explained 
not only the importance of variation for evolution, but the importance of variation in 
itself. 
 The final part of my analysis in this chapter assessed the reception of Primary 
Factors by considering book reviews. While not all positive, the reviewers of Cope’s text 
fully understood the centrality of variation for any complete theory of evolutionary 
causation. They also highlighted the hypothetical nature of the theory and the importance 
of evolution in definite directions.  
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4. LEO BERG’S NOMOGENESIS 
 4.1 Introduction 
 The Russian biogeographer and taxonomist Leo Berg viewed evolution as a 
highly structured and deeply constrained process. Compared to Eimer’s and Cope’s 
conceptions of evolution, outlined in chapters 2 and 3, Berg maintained a much smaller 
role for adaptation to environmental conditions. Consequently, he viewed evolutionary 
transformations as definitely directed and constrained by several laws of organic growth 
and the limitations to evolutionary outcomes imposed by the constraints to new 
morphological variation. Put another way, the production of new variation along definite 
trajectories limits the possible outcomes of evolution much more than does natural 
selection or adaptation to the environment, according to Berg. Evolution of a species 
could not take place in all directions, only a few or one. In Nomogenesis: Or Evolution 
According to Law, Berg’s major evolutionary book, he argued that the environment only 
plays a small role in shaping evolutionary change (1926). He relied heavily on the notion 
that the structure of organismal form, and the ways that these structures are produced in 
the developing organism, constrained evolutionary outcomes along specific trajectories. 
Berg’s evolutionary theory, therefore, was uncompromising concerning the trajectories of 
evolution as limited by hereditary and developmental factors internal to the organism. 
Due to the complexity and nuance of Berg’s argument, I provide here a considerable 
introduction to his way of thinking before discussing each point in detail. 
 This dissertation chapter traces the central conceptual features of Berg’s 
arguments as outlined in Nomogenesis, starting with his philosophical attack on the 
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efficacy of natural selection to produce evolutionary changes. At the core of Berg’s 
analysis of neo-Darwinism was a rather simple logical syllogism.  
Natural selection is only a sufficient cause of evolution if variation is random. 
Variation is not random. 
Therefore, natural selection is not a sufficient cause of evolution. 
 
The logic of this argument was quite straightforward. He began by addressing the 
conditions in nature that would need to be the case for all evolutionary phenomena to be 
wholly accounted for by natural selection. Berg argued that variation would need to be 
essentially random or extensively multifarious for natural selection to have enough raw 
material for differential reproductive fitness to accumulate over time into evolutionary 
transformations. The major claim in Nomogenesis was that variation was not random; 
rather, it was deeply constrained. Consequently, the limitations to variation in organisms 
meant that natural selection could not possibly be a sufficient cause of evolution. 
 The bulk of Nomogenesis offered extensive empirical and theoretical support for 
the second proposition in the syllogism. Berg did not mince words: “we, on the contrary 
[to Darwin], claim that variation of characters is confined within certain limits, that it 
follows a definite course, like an electric current moving along a wire” (1926, 110). With 
each example he presented, some of which are discussed below, he offered further 
evidence against the sufficiency of natural selection. One of the core theories Berg 
advanced to explain the directionality of variation was what he called “phylogenetic 
acceleration.” The core of this theory was that new characters appear in juvenile, 
developing organisms first and then disappear in adult stages. As evolution proceeded 
over time, the characters would eventually remain present in the adult stages of the 
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organism. He relied on comparative anatomical, paleontological, and embryological 
evidence to support his theory, which brought together phylogenetic and ontogenetic 
phenomena into one framework for understanding the cause of new variation. He called 
phylogenetic acceleration the “precession of characters” because the novel characters 
displayed in adults were preceded (in evolution) by the early indications of the character 
in juveniles generations before the characters were present in adults. This section of 
Berg’s argument provided readers with concrete evidence from ontogenetic and 
paleontological studies to substantiate the foundation of his logical argument against the 
sufficiency of natural selection, showing a deep commitment to evolution being a 
definitely directed and deeply constrained process.  
 The rest of Berg’s Nomogenesis presented his theory of evolution in definite 
directions, which relied heavily on the notion that the structure inherent in biological 
organisms constrained evolution extensively. Here I use the term “structuralism” to 
describe Berg’s theory of nomogenesis, because he relied consistently on the theory that 
the structure of an organism drove or constrained evolution more than any particular 
functions or adaptations to local conditions. Consequently, structure was more important 
than function. Berg presented various forms of evidence for the importance of structure in 
nature, but my analysis in this chapter shows that his argument was, in large part, 
philosophical and based on an ideology of nature defending structuralist26 tendencies. 
                                                
26 Structuralism, put generally, is an emphasis on the structure of an organism as the 
primary causal or explanatory framework for understanding a particular phenomenon. 
This term, first employed in 1907, was not generally used until the mid-twentieth century, 
but the notion of a group of investigators emphasizing the structure of an organism, over 
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The “laws of evolution,” outlined in the third chapter of Nomogenesis, provided the core 
of Berg’s argument for evolution in definite directions.  
 Berg was so committed to the structural constraints in, and law-like procession of, 
evolution that he even argued that it was fundamentally a convergent process—a point of 
marked dissimilarity to Eimer and Cope. Most evolutionists at this time adhered to 
Darwin’s general principle of evolutionary descent with modification, where parent 
species split into multiple daughter species over time. Berg was not convinced. He 
thought that the structuralism guiding and constraining evolutionary outcomes in definite 
directions was so prevalent that unrelated species would evolve to become more similar 
over time through the process of convergent evolution. This theory, not upheld by many 
others, had major implications for the phylogenetic origins of various species and groups. 
Berg claimed that most phylogenetic groups were polyphyletic in origin, not 
monophyletic, meaning that they were derived from distinctly different ancestors. 
Because of his views on the laws of developmental trajectories and evolutionary 
constraints, Berg contended that organisms evolved through parallel stages and often 
converged on similar morphological structures from different points of origin. Berg did 
not discuss the specific causes of these separate and independent origins in Nomogenesis, 
but he felt the evidence of evolution’s directionality from biogeography satisfactorily 
supported his theory.  
                                                                                                                                            
its function, in explaining the cause of morphological features has been well documented 
throughout the history of morphology (Russell 1916). 
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 Berg also developed a theory of the origin of new species based on two possible 
mechanisms. The first involved small shifts in the population of organisms under the 
influence of the environment. He argued that these transformations were not due to 
natural selection; instead, they were a product of phylogenetic acceleration and the 
constraints placed on the developing organisms. Selection, for Berg, was simply a 
process that maintained consistent morphology across populations by weeding out 
variations too distant from the statistical average, but it could not cause morphological 
change in a species. 
 The second cause by which new species could originate was due to major shifts in 
the hereditary material that produced rapid changes (over a few generations) through 
large-scale morphological mutations, a theory sometimes called “saltationism.”27 Berg 
adhered to the view, as also espoused by Wilhelm Waagen, that major, rapid evolutionary 
changes took place when an entire phyletic group would undergo significant 
morphological changes due to internal, autonomic causes. Instead, he relied on the 
paleontological evidence of Waagen, and others, which supported the idea that many 
groups experienced evolution by saltation of major morphological features. For historians 
seeking to deeply understand these theories, Berg’s explanation of this particular 
phenomenon remains unclear. He never fully articulated a theory of heredity to explain 
how an entire population could undergo hereditary changes that produce major 
morphological evolution all at once. Berg’s theory, in this particular case, remains 
unexplained. This saltational theory could potentially account for the polyphyletic origins 
                                                
27 Berg utilized this term in Nomogenesis.  
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of different groups, though Berg did not elaborate on this point sufficiently in 
Nomogenesis to clarify whether or not this mode of speciation produced the groups he 
considered polyphyletic.  
 While the core of Berg’s argument against natural selection and for evolution in 
definite directions was generally philosophical, he marshaled a great deal of evidence 
primarily from biogeography, taxonomy, embryology, and paleontology, discussed in 
detail below. He synthesized a wide range of developmental and evolutionary phenomena 
into one coherent theory based on laws of development and evolution. The inclusion of 
evidence surrounding long-term trajectories and patterns in evolution guided Berg’s 
theory, much as it did for Eimer and Cope. He was concerned with the “big picture” of 
evolution, and invoked various forms of evidence based on large-scale patterns in 
biogeography, paleontology, and taxonomy. These various forms of empirical evidence 
ultimately provided him with ample evidence of evolution’s directionality.  
 The core of his theory of evolution relied on the notion that the production of new 
variation, which was limited by the structure of biological organisms, was central to the 
full explanation of evolutionary causation. Berg began Nomogenesis with a quotation 
from Cope: “Any theory of evolution which omits the explanation of the causes of 
variation is faulty at the basis” (Berg 1926, 1). Alongside Cope, Berg quoted a section of 
Plato’s Phaedo that demanded a careful examination of first principles, no matter how 
true they may seem to the reader. For Berg, the first principle was that evolution 
proceeded according to law. His notion of law demonstrated a commitment to nature as a 
highly ordered and regular process, not the product of random events.  
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 As with each case study in this dissertation, the final section of this dissertation 
chapter addresses the reception of Berg’s Nomogenesis as evidenced by book reviews. 
Admittedly, there were fewer reviews of Berg’s book compared to those of Eimer’s and 
Cope’s major works. Nevertheless, these reviews, while few in number, actually 
characterized the main features of Berg’s argument in Nomogenesis. The first review, 
written by Henry Fairfield Osborn(1926), detailed the main ways in which Berg’s text 
sought to counter the prevailing interpretation of neo-Darwinism. As did the other 
reviewers, Osborn thoroughly recognized the philosophical nature of Berg’s 
dissatisfaction with the efficacy of natural selection. A later review by Walter Bock 
presented the text Nomogenesis alongside Ernst Haeckel’s Generelle Morphologie, 
highlighting the central preoccupation of these texts as the importance of including the 
causes of variation in an account of evolutionary causes. Bock characterized Berg’s 
central argument as follows: “The result of evolutionary mechanisms is a pattern of 
extreme order” (Bock 1969, 685). These reviews presented a critical yet accurate account 
of Berg’s text that highlighted the central features discussed in the conclusion of this 
dissertation. They show clearly how the magnitude of Berg’s theory and his ideas 
concerning the structure at the heart of evolutionary theory were fully recognized by his 
contemporaries. 
 In this chapter, I will show that Berg’s theory outlined in Nomogenesis was 
similar to Eimer’s and Cope’s theories, as outlined in chapters 2 and 3 of this dissertation. 
Berg’s theory of evolution in definite directions, and the centrality of the causes of the 
production of new variation in the developing organism, shows strong parallels to 
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Eimer’s and Cope’s conceptions of evolutionary causation. That said, there are some 
important differences in how Berg conceived of the process of evolution. Specifically, 
Berg’s theory of evolution as fundamentally convergent and involves polyphyletic origins 
is noteworthy. Because the purpose of this chapter is to accurately describe Berg’s work, 
I have not sought to minimize these differences in any way. A full analysis of the 
similarities and differences between all three theories is an important part of the 
concluding chapter of this dissertation. 
 Before I begin my full analysis of Nomogenesis, it is important to make one thing 
clear. Berg’s theory of evolutionary directionality as presented in Nomogenesis is, in 
certain respects, incomplete, especially the part of his theory described in my section 
4.10, which discusses speciation, saltation, and heredity in Berg’s system. This part of 
Berg’s theory leaves many questions unanswered. First, Berg never fully explained how 
the morphological features of all (or most) of the individuals in a species could change en 
masse into a new form. Furthermore, he failed to adequately describe the extent to which 
saltation events—where a new group forms quickly through major morphological 
changes—could produce “polyphyletic” groups. Because my goal in this dissertation is to 
accurately describe Berg’s theory as presented in Nomogenesis, I have not speculated on 
how he might have viewed the relationship between these aspects of his theory. The work 
undertaken here is to convey Berg’s ideas precisely, warts and all. I have endeavored to 
articulate points where Berg’s explanation of how or why his theory accounts for a set of 
phenomena remains incomplete. Historians should not be surprised that a major theory of 
evolution like Berg’s, which sought to account for a wide variety of biological 
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phenomena in creative ways, was incomplete and left certain questions unanswered. 
After all, Berg’s system was an attempt to synthesize developmental and evolutionary 
causation to explain constraints to evolution. 
  The following biographical introduction provides us with context for Berg’s 
theory, developed below.  
 4.2 Biographical Introduction 
 Leo Semionovich Berg was born on February 18, 1876, in Bendery, a small town 
in Southeastern Russia, now Moldova. He studied zoology at the University of Moscow 
and received his doctoral degree in 1898 with honors for a paper on the ontogeny of pike. 
After studying oceanography in Norway for several years, he moved to study the lakes 
and rivers of Central Asia. After working on the fisheries of the Aral Sea for several 
years, he took an appointment as curator of ichthyology of the Zoological Museum of the 
Academy of Science in St. Petersburg. For his monograph on the Aral Sea he was given a 
doctorate in geography even before his doctorate in zoology in 1934. In 1913, Berg was 
appointed professor at the Moscow Agricultural Institute, though he moved to be 
professor of geography at the University of Petrograd (later Leningrad) in 1916. He 
remained there until his death (Dobzhansky 1969; Tikhomirov 2013). 
 Like Cope, Berg was a prolific writer, and published about 700 works throughout 
his career. He studied and wrote on a range of topics, including: physical and biological 
geography, general zoology, taxonomy, ichthyology and limnology, soil and earth 
sciences, and the history of the Earth (Tikhomirov 2013). Berg was particularly well 
known as a major contributor to scholarship in geography and ichthyology (Shapovalov 
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1951; Birstein and Bemis 1997; Smalley et al. 2010). According to Smalley et al. (2010), 
Berg published: 217 works on ichthyology, thirty on general zoology, twenty on 
paleontology, thirty-two on zoogeography, and 320 on geography and geology, alongside 
several hundred biographies, obituaries, and other popular articles. His pedological 
theory explaining the formation of loess and soil composition gained him notoriety 
among geologists. Fish taxonomists often regard Berg having more or less correctly 
determined the relationship between acipenseriform fishes with respect to 
Paleonisciformes and modern Elasmobranchii (Birstein and Bemis 1997). As such, his 
credibility as a well-rounded and productive scientist was strong. He was known as a 
“walking library” because of his astonishing memory for facts across a wide range of 
disciplines. Dobzhansky tells the story that “during the years of the Revolution and semi-
starvation, once could see twice a day Leo Berg dragging a little sledge loaded with 
books on the frozen streets of Petrograd between his home and the library, and vice 
versa” (Dobzhansky 1969, xi). 
 Berg used his wide range of knowledge across zoology, biogeography, taxonomy, 
developmental biology, and paleontology in crafting Nomogenesis. He did, however, 
emphasize biogeographical evidence. The book, first published in 1922 in Russian and 
translated four years later into English,28 might best be considered a product of the first 
decade and a half of the twentieth century. The first World War and the Bolshevik 
Revolution prevented some international scholarship from entering Russia, which denied 
                                                
28 Translated from the Russian by J.N. Rostovtsov, about whom little is written in 
English. 
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Berg access to some of the latest work on genetics and evolution. This perhaps explained 
why he did not become familiar with the work of Thomas Hunt Morgan on Drosophila 
genetics, or with the growing body of work on the genetics of evolution (Dobzhansky 
1969). Hence, while he produced Nomogenesis as a result of the combined observations 
of many fields of study, it remained behind the times in certain areas of scholarship, 
particularly genetics. Still, as I show in this chapter, Nomogenesis combined an 
impressive array of observations from paleontology, comparative anatomy, 
biogeography, and developmental biology. 
 4.3 Natural Selection 
 Much like Eimer did in Organic Evolution, Berg began Nomogenesis with a 
lengthy chapter contextualizing his argument with respect to the theory of natural 
selection. Unlike Eimer, who discussed his opposition from a theoretical perspective and 
weighed the adequacy of the two theories (his own and Darwin’s) on how well they fit 
the evidence, Berg took a much more systematic and logic-oriented approach to 
analyzing the competing theory. His goal in the first chapter was to scrutinize the neo-
Darwinian theory on its fundamental principles and its ability to explain evolutionary 
phenomena in a satisfactory way. Berg began the chapter, appropriately enough, with a 
quotation from Plato’s Phaedo: “However true, said Socrates, the first principles may 
appear to us, they should still be examined in the most careful manner” (Berg 1926, 1). 
Berg scrutinized the first principles of neo-Darwinism and other theories to show that 
they were not sound from a logical perspective. The argument in this section followed 
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two main points. First, he discussed the explanatory value of natural selection, and then 
criticized the logical reasoning behind the scope of natural selection in nature.  
 Berg began his argument with a basic definition of what constitutes a living 
entity, because the parameters of life governed how living beings change over time. He 
wrote: “a living body is a body which, as a rule, responds to stimuli in such a manner as 
to insure the subsequent existence of the given individual (or the species to which it 
belongs” (Berg 1926, 1). He used this conception to describe properties of the organism 
that prolonged existence to be “purposive” or “fit” features. While Berg did not argue 
extensively about this definition of life, he used the natural reaction of organisms to 
prolong their existence as the central explanatory goal of evolutionary theories. A good 
theory of evolution must explain the origin of purposive characters and purposiveness, 
the adaptation of organisms to variable environmental conditions (Berg 1926, 3). 
 In order to treat each potential evolutionary source of purposive adaptation 
seriously, Berg elaborated four basic possible scenarios. For the purposes of clarifying 
these four positions, I present these ideas in Berg’s original language. 
I. Fitness is the consequence of a fortuitously happy combination of circumstances. 
This conception, primarily due to Empedocles, Epicurus and Lucretius, has been fully 
elaborated by Darwin. (Berg 1926, 4) 
II. The adherents of vitalism aver that fitness is the effect of the operation of a distinct 
vital force, which is manifest in organisms alone, and differs from the forces with 
which physics and chemistry deal. (Berg 1926, 6) 
III. Fit adaptation is the consequence of the power inherent in all organisms of acting 
with a definite purpose, whether throughout life or during a certain period of 
development. Such a view (animistic), having as its source the psychology of 
Aristotle and subsequently developed by Leibniz, was in the course of time all but 
absorbed by vitalism. (Berg 1926, 7) 
IV. Purposive adaptation is one of the fundamental properties of living beings (not 
liable to further resolution into elements), such as irritability, contractility, capacity 
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for nourishment, assimilation, reproduction. It is neither more, nor is it less, 
incomprehensible than any of the properties enumerated. (Berg 1926, 7) 
 
Berg declared the final possible source of purposive features was the most plausible and 
defensible position that they are a fundamental property of living organisms. By adhering 
to this position, then, understanding purposiveness was akin to comprehending the very 
nature of energy, matter, or consciousness. As a fundamental metaphysical feature of the 
world, it would evade complete comprehension but nevertheless provided the foundation 
for the understanding of evolution (Berg 1926, 8).  
 Readers might have recognized a similarity between Berg’s purposiveness and the 
theory of the inheritance of acquired characters, yet Berg wanted to distinguish these 
conceptions as fundamentally different. Berg argued that any explanation of a feature, 
like the increased neck size in Irish Elk that had an enormous rack of antlers, based on the 
inheritance of acquired characters would constitute an example of the philosophical 
fallacy of begging the question (which he called by its Latin name petitio principii). This 
fallacy, in which a premise entails the conclusion, was explained using the following 
example.  
Why should the muscles of the neck increase simultaneously with the size of the 
antlers?” To this question comes the answer “Because the increase in the size of the 
antlers had produced a stimulation of the organism and had compelled it to act in an 
expedient manner. (Berg 1926, 11) 
 
This concept was not dissimilar to Darwin’s discussion of the correlation of growth 
(1859, 11). Berg argued that this circular reasoning was evidence that the production of 
purposive features was a fundamental property of the living body, not something that 
could be explained as a product of other factors. In this explanation, we can see that the 
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first principle of Berg’s theory was functionalist in nature, though many of his subsequent 
ideas focused on structuralism.  
 Berg never full explained his theory of purposiveness beyond what was just 
described. Rather, he thought that this was such a fundamental metaphysical problem that 
the only solution was to characterize living matter as purposive, or responding to the 
world around it in ways that can be distinguished from simply chemical action. 
“Purposive structure and action are thus a fundamental property of the living being” 
(Berg 1926, 8; emphasis original). As such, this phenomenon could not be broken down 
into component parts and explained away simply as an emergent property of other forces 
or entities acting in nature. It is enough for our purposes to understand this theory as the 
metaphysical foundation of his entire system, some of which remained mysterious to him, 
his readers, and historians trying to reconstruct his theory.  
 Given this conceptualization of purposiveness as an inherent property of organic 
beings, Berg argued that the theory of natural selection was explanatorily superfluous. 
Berg claimed that natural selection cannot account for the origin of characters: “it only 
attempts to explain why individuals endowed with useful characters survive and become 
more perfect” (Berg 1926, 15). This explanatory value of natural selection, he argued, 
depended on a certain set of phenomena that cannot be explained by existing properties 
of matter or alternative theories. As such, Berg considered Darwin’s theory of 
evolution—which entailed both natural selection and the inheritance of acquired 
characters—to be unnecessary because they both purport to explain the same 
phenomenon, apparent purposiveness in nature. He concluded that  
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The admission of the principles of use and disuse, as also of adaptation to the 
environment, is a veiled acknowledgment that the primordial fitness is inherent in 
every living body. In such a case, the theory of selection becomes quite superfluous. 
(Berg 1926, 15) 
  
Beyond superfluousness, Berg argued that Darwin’s increasing reliance on the 
importance of Lamarckism due to the perceived weaknesses of natural selection showed 
that this was an acknowledgment of the principle of the purposiveness of living matter 
(Berg 1926, 18).  
 The second part of Berg’s philosophical argument against natural selection 
focused on the role of randomness in evolution. He identified the basic principles 
underlying natural selection—heredity, variation, and the struggle for existence—and 
related them to his theory of purposive adaptation. Berg asserted that even the basic 
conditions necessary for natural selection to proceed required purposive fitness as a 
logical necessity.  
[Natural selection] is based on the following principles, which cannot be further 
analyzed: (1) heredity, (2) variation (3) struggle for existence. These principles are 
accepted as given, as something obvious and self-evident. At the same time they are 
all purposive: if there were no variation, no organism could adapt itself to varying 
conditions; if there were no heredity, it would be impossible to fix acquired 
characters; and, lastly, the struggle for existence postulates the faculty of self-
preservation. (Berg 1926, 18) 
 
From this, Berg argued that the theory of selection requires the purposiveness of 
organisms as one of the necessary preconditions for selection to occur. Therefore, the 
whole theory of natural selection presumed the purposiveness of life that made 
selectionism explanatorily irrelevant. He contended that we should not unnecessarily add 
theories to science when more basic or simple propositions could account for the 
phenomena in question. 
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 After arguing for selection’s superfluousness, Berg shifted his focus to undermine 
the validity of selectionism from another philosophical position, the nature of chance. 
Berg clarified, at the beginning of a chapter subsection titled “On chance,” that he did not 
mean to suggest that if something happens by chance it occurs without mechanical causes 
prompting the effect. Rather, by chance, he meant that “chance” was a term used when a 
causal connection was not obvious. If causation proceeded according to a cause that was 
immediately clear and known, then the event did not proceed according to chance (Berg 
1926, 22). With this clarification in place, Berg went on to analyze the logical premises 
that would need to be in place for selection to be the dominant or exclusive cause of 
evolutionary change.  
 Berg’s approach was rather simple; he wanted to determine what conditions in 
nature would need to be in place for natural selection to be the sole and direct cause of 
evolution. Asking this question set him up to expound on his own views, given the nature 
of his logical argument against natural selection. Berg argued that for natural selection to 
be the sole and direct cause of evolution, variation must be a fundamentally contingent 
process, subject almost exclusively to chance. By this, he meant that the number of 
purposive and non-purposive adaptations must exist in equal numbers to give natural 
selection the unbiased variation necessary to dictate evolutionary outcomes. Truly 
contingent variation, he argued, would require effectively infinite29 heritable variation 
taking place in virtually all directions. This conception was fundamentally the antithesis 
                                                
29 He used the terms “infinite” and “vast” synonymously throughout this section. It was 
clear from his wording that he intended the term “infinite” to mean vast in the 
mathematical sense of incalculably large. 
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of theories of evolutionary directionality. Contingent variation would provide the 
conditions necessary for selection to be the arbiter of evolutionary change. Berg wrote, 
“Evolution may be logically conceived in the presence of natural selection. But for this to 
happen, we must postulate one requisite condition, a conditio sine qua non: there must be 
an infinite number of inherited variations” (Berg 1926, 24; emphasis original). This 
quotation again shows Berg’s attempt to logically analyze the potential validity of natural 
selection. While Darwin was clear in On the Origin of Species that variation was not 
mathematically random, many neo-Darwinians, and Darwin himself, tended to hold a 
position that variation was essentially undirected.30 But the purpose of this argument was 
to show that for evolution to be exclusively caused by natural selection, variation would 
need to be fundamentally contingent.  
 Having established the conditions required for natural selection to be the sole 
explanation of evolutionary causation, Berg immediately undermined the notion of 
infinite variation. Doing so had the effect of showing, early in Nomogenesis, that natural 
selection was insufficient to completely explain evolutionary causation. “But it would be 
absurd to suppose an infinite number of inherited variations in organisms” (Berg 1926, 
25). Almost the entirety of Nomogenesis provided his readers with evidence that variation 
was not random, but rather definitely directed. With every example showing that 
variation was directed, and not random, Berg showed that that natural selection was not a 
satisfactory explanation of evolutionary phenomena. Consequently, as he built up his 
                                                
30 Rasmus Winther’s excellent essay on variation in Weismann’s theory of evolution and 
heredity provides an example of this perspective in late-nineteenth- and early-twentieth-
century evolution (2001).  
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own theory of evolution according to laws it further undermined the sufficiency of 
natural selection.  
 Berg used a thought experiment concerning the fossil record to show that the lack 
of innumerable and infinitely varied monstrosities in the fossil record demonstrates the 
impossibility of infinite variation. Berg wrote the following concerning the role of 
heritable variation and selection. 
It would be more correct to say that, although numbers of individual variations and 
fluctuations do in effect occur, from such phenotypical material nature cannot build 
new forms, none of such variations being inherited. For the production of new forms 
genotypical material, in other words mutations, i.e. inherited variations, is required. 
And we affirm that the number of mutations is so limited that there is no scope for 
selection to operate in. [...] An organism is a stable system, in which a tendency 
towards variation is confined within certain limits by inheritance. (Berg 1926, 27) 
 
By setting up the condition of infinite variation for selection to operate, and then 
articulating the absurdity of the notion of infinite heritable variation, Berg established 
what he saw as a strong argument against the necessity of selection to explain 
evolutionary outcomes. With every discussion of the law-like production of new variation 
in the developing organism, Berg in effect provided evidence against the scope of natural 
selection as a cause. 
 Toward the end of the first chapter of Nomogenesis, Berg moved beyond the 
philosophical argument of the explanatory value of natural selection, arguing for the 
inability of natural selection to create new species or meaningfully change the 
morphologies of existing ones. Throughout the first chapter of the book, he articulated 
evidence put forth by supporters of neo-Darwinism based on artificial selection 
experiments. While he did not disagree that the analogy between artificial and natural 
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selection was strong from a philosophical position, he argued that they were 
fundamentally different due to the action of man.  
In short, artificial and natural selection, as we have had occasion to show, are two 
very different things. In the first operates the intelligent will of man, in the second the 
blind chance. Man, engaged in the improvement of his breed in a rational manner, 
crosses only what is useful, selecting from the offspring only the useful, removing all 
else. Nature can do nothing of the kind: it is extremely unlikely that just those 
individuals which accidentally possess a useful variation should intercross. (Berg 
1926, 69) 
 
For Berg, and others, selection might remove the unfit from a population, but did not 
fundamentally modify the morphologies in a population to create or perpetuate new 
characters. The creativity of artificial selection stemmed from the intervention and 
hybridization brought forth by humans, which Berg conceived of as entirely different 
from natural selection. While humans might select populations for definite purposes, the 
mere fluctuations of the environment would not account for evolution in definite 
directions. 
 It is clear from this section, however, that Berg held natural selection to have a 
causal role in maintaining the morphological structure of a population. He viewed natural 
selection as weeding out variants that were too far from the mean. Natural selection could 
not, however, account for the origin of new morphological variation.  
 4.4 Berg’s Ontology of First Causes 
 Only after Berg established the problems with natural selection as a sufficient 
explanation of evolutionary causation did he outline the first pieces of his own theory. 
Beyond establishing his claims for the inherent purposiveness of organic matter, Berg 
articulated the basic ontological divisions of organisms that mattered for his views on 
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evolution. He argued that evolution was caused by autonomic (internal) and choronomic 
(environmental) causes. “The first [causes] are lodged in its own organizations and the 
chemical properties of its albumens, [...] the second kind of influences proceed from the 
environment, from the entire complex of the mediums or the surrounding living and 
inanimate nature” (Berg 1926, 68–69). These basic divisions should be familiar to readers 
of this dissertation because they were quite similar to the ontologies put forth by both 
Eimer and Cope, in their books.  
 Berg referred to Eimer’s theory of evolution in a quotation that serves as an 
excellent transition to the next major argument in Nomogenesis by focusing his reader on 
the central unsolved problem of evolution: variation. 
We may here remark that Eimer (1897, p. i, p. 15) refers the cause of transmutation 
primarily to the influence of external conditions; to the use and disuse of organs he 
attributes a secondary importance; and natural selection he relegates to the third 
place. The inner causes, in his opinion, play the part of an agency that hinders 
variability “in all directions.” The inadequacy of such an estimate of the value of 
internal causes will be demonstrated in one of the following chapters. (Berg 1926, 69) 
 
This quotation shows that both Berg and Eimer conceived of the production of variation 
as a central causal piece of evolutionary theory. For Berg, evolution was so deeply 
constrained that the internal, autonomic causes dramatically outweighed the choronomic, 
environmental ones in his theory of evolutionary causation. While they both held similar 
conceptions of evolution as definitely directed, the emphasis for Berg was clearly on the 
inherent limitations to variation, caused by internal factors, producing evolution in 
definite directions. 
 The distinction between Eimer’s and Berg’s theories of variation is worth noting 
for our purposes. Chapter 2 of this project showed clearly that Eimer theorized that the 
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initial cause of new variation was environmental factors, external to the organism. For 
Berg, conversely, factors internal to the organism were the first cause of new variation, 
and hence evolution. Eimer and Berg would have agreed that the developing organism 
was the fundamental cause of constraints to the production of new variation. 
Consequently, while they conceived of the first cause of new variation differently, they 
were remarkably similar in their interpretation of the cause of new variation. 
 Importantly, in Nomogenesis, Berg did not attempt to provide a detailed or 
complete theory of heredity in the way that Cope did. The subsequent dissertation section 
shows Berg’s commitment to the notion that evolution was the unfolding of preexisting 
rudiments. When this book was written, in the 1910s, a great deal of uncertainty 
remained over the nature of heredity.31 He wrote: 
We regard the morphological and physiological characters of organisms as a 
manifestation of the chemical structure of their plasm, or, better, as a resultant of the 
chemical structure of their albumens. If we know more fully the chemical nature of 
organisms, we might then be able to make use of the chemical structure of their 
albumens as diagnostic characters, instead of characterizing them by means of 
stamens, antennae, scales, etc. Specific distinction [sic] [...] are primarily rooted in 
the stereochemical combination of the molecules of their albumens, or, generally, of 
the substances of which organisms are composed. (Berg 1926, 67) 
 
Consequently, Berg was content with fully exploring the deep and interconnected nature 
of ontogenetic and phylogenetic change, without going into detail about the 
                                                
31 Determining exactly how Berg conceptualized heredity would require a thorough 
assessment of his early work on heredity and evolution that extend beyond the scope of 
this dissertation. Given that Berg’s theory of heredity is tangential to my main purpose of 
identifying the central epistemic goals and shared conceptual features within Eimer’s, 
Cope’s, and Berg’s main texts, this topic lies outside the scope of this dissertation project. 
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stereochemistry of the albumens. His views on the nature of heredity become relevant for 
this dissertation in the discussion of speciation, described below. 
 4.5 Phylogenetic Acceleration 
 Berg proceeded in the second chapter of Nomogenesis to provide an account for 
the extensive limitations to evolutionary outcomes. Given that his work in the first 
chapter showed that a theory of evolution by natural selection alone requires random 
variation, the second chapter of Nomogenesis is where he began to articulate extensive 
evidence from paleontology and embryology to bear on the potential explanatory 
relevance of natural selection for evolution. His main theory of evolution in definite 
directions clearly showed how the structure inherent in the developing organism inhibited 
the possible directions of evolutionary change. This section also set up his broader 
argument for the limitations to evolution based on the structure of organismal forms, 
thereby establishing the groundwork for his argument that evolution operated according 
to laws of form. 
 Berg based his preliminary argument for definitely directed evolution on a series 
of phenomena that he collectively called “phylogenetic acceleration,” or the “precession 
of characters.” The basic notion of phylogenetic acceleration was that new characters 
appear in juvenile, developing organisms first and then disappear in the adults. As a 
species evolves, the appearance of a particular character gradually was retained in adult 
individuals. Because the character expressed first in the juveniles preceded the character 
in the adults, the evolution of that character was inherently limited in a determined 
direction based on this notion. The “precession,” or act of preceding in time, of characters 
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was therefore a description of how Berg conceptualized the production of new variation 
in ontogeny. 
 Berg described phylogenetic acceleration through a series of phenomena, which 
might more accurately be described as different instances of this general phenomenon of 
phylogenetic acceleration expressed through different sets of observations. Concerning 
phylogenetic acceleration Berg wrote the following: 
(1) Paleontology teaches us that in young forms characters not infrequently occur 
which, while disappearing with advancing age, reappear in more recent geological 
deposits both in the young and in the adult. In their development the young seem to 
be pushing ahead of their time. (2) From the study of embryology we may gather that 
the larvae not infrequently possess morphological and physiological characters of a 
higher organization, which vanish in the adult state. The adult thus seem to lag behind 
the young stages of their development. (3) Comparative anatomy reveals the 
occurrence, in the more lowly organized groups, of characters which are peculiar to 
groups standing higher in the system. (Berg 1926, 73)  
 
Berg then marshaled evidence from paleontology, embryology, and comparative anatomy 
to substantiate his claims about phylogenetic acceleration. The second chapter of 
Nomogenesis was broken into evidence for precession in ontogeny, and then precession 
in phylogeny. Because of the interrelated nature of ontogeny and phylogeny in Berg’s 
theory, observations from phylogeny could explain ontogenetic causes, and vice versa.  
 Berg brought up the work of paleontologist Aleksei Petrovich Pavlov on the lower 
Cretaceous ammonites to support his theory of phylogenetic acceleration. Pavlov argued 
that the young of certain ammonites displayed characters that disappear in the adult 
stages. These same characters then reappear in the adults of “more highly organized 
representatives of the same group” (Berg 1926, 74). Berg described the evidence as 
follows:  
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the young of certain ammonites possess characters which disappear in the adult state, 
while the same characters subsequently reappear in the more highly organized 
representatives of the same group belonging to species that occur in more recent 
geological strata. The young precursors, coming before their time, foreshadow what 
will subsequently be displayed in adults. (Berg 1926, 74) 
 
Berg then pointed out that this phenomenon could be explained by an organism 
possessing internal factors, or genes, that were originally manifested in the juvenile but 
then become manifested in the adults later. As such, the expression through ontogeny 
represented a manifestation of preexisting features in the hereditary material. 
 Beyond paleontological evidence, Berg used ontogenetic phenomena to describe 
phylogenetic acceleration. One of his many examples in this section was the stronger 
resemblance between juvenile anthropoid apes and man than between adult anthropoid 
apes and man. He argued that  
A straight femur is one of the most prominent peculiarities of the genus Homo, yet in 
young gibbons, chimpanzees, and in some South American monkeys, the femur is 
straighter in comparison not only with that of the adult forms of the same species, but 
even with that of man. (Berg 1926, 78)  
 
Berg brought similar examples to bear on the topic of phylogenetic acceleration, each 
detailing the basic phenomenon of new features originating in juveniles before adults. 
One of the consequences of this evidence and theory, Berg argued, was that it 
undermined the traditional theory that ontogeny recapitulates phylogeny. Rather, Berg 
asserted that ontogeny “anticipates” phylogeny (1926, 74).  
 Berg found further evidence of ontogeny anticipating phylogeny—phylogenetic 
acceleration—in the comparative embryology of the widely distributed isopod Chiridotea 
sibirica from the Siberian seas. Here I quote Berg at length to showcase how he utilized 
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evidence from comparative embryology to advance his theory of phylogenetic 
acceleration.  
The common brackish and fresh-water Ch. entomon (L.), allied to Ch. sibirica and 
occurring near the coasts of the Artic Ocean, the Baltic, in the lakes of Ladoga, 
Malar, Wetter and other fresh-water lakes, as also in the Caspian Sea, has been 
derived, according to Ekman (1919, p. 503) from Ch. sibirica, by being gradually 
adapted to live in brackish and fresh water. But it is more remarkable that the young 
of Ch. entomon differs more from the young of Ch. sibirica than do the adult forms of 
these species one from the other. The same is true of another species of the same 
genus, Ch. sabini: the young Ch. sabini differs much more conspicuously than the 
adult from the adult Ch. sibirica and Ch. entomon. Furthermore, Ch. megalura is a 
deep sea form very nearly allied to the shore form Ch. sabini, and to all appearances 
has been derived from it. Yet it appears that the young of these two forms differ more 
markedly from one another than does adult Ch. megulura from Ch. sabini. (Berg 
1926, 79–80) 
 
This quotation represents the type of detailed comparative embryological study that Berg 
thought fully supported the notion that new characters appear first in juvenile forms and 
then only later appear in the adults.  
 Berg also brought a good deal of evidence from comparative anatomy to establish 
the veracity of phylogenetic acceleration by focusing on long-term trends across phyletic 
groups. In a major section of this chapter, he presented an impressive array of evidence 
from many branches of the biological world. Angiosperms, gymnosperms, Polycaricae, 
phloem-depositing trees, mosses, algae, Foraminifera, flagellates, cystolagellata, 
infusoria, tunicates, cephalopods, Holocephalia, various fish, Permo-Carboniferous 
Seymouria, gibbons, and various species of primitive hominids together form nearly 
thirty pages of evidence for phylogenetic acceleration. Berg presented the comparative 
anatomy within each of these groups as supporting phylogenetic acceleration in each 
instance. In these cases he went beyond just comparison to discuss the origination of new 
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features among the juveniles of these organisms in evolutionary history and organismal 
development. These cases served not just to support Berg’s idea of phylogenetic 
acceleration, but they also displayed important connections between ontogenetic 
development and phylogenetic changes. Importantly, this evidence from comparative 
anatomy displayed Berg’s emphasis on long-term patterns across different groups. He 
viewed evolutionary phenomena as not simply a product of minor transformations over 
time, and insisted that large-scale analysis of the relationships between groups provided 
undeniable proof of limitations to variation caused by the developmental process. 
 Berg’s example of phylogenetic acceleration in the tunicates provides historians 
with a good characterization of his use of evidence for this phenomenon. He argued that 
in the structure of adult tunicates, we find examples of characters belonging to the 
vertebrates, specifically:  
the gill-slits pierce the walls of the anterior part of the alimentary canal, the pharynx 
is supplied with a ciliated glandular fold, the so-called endostyle, a homologue of 
which is possessed by Amphioxus, by the larvae of lampreys (Ammocoetes), and by 
the embryos of all vertebrates. (Berg 1926, 99)  
 
He also argued that the digestive process in tunicates was vertebrate in character because 
it used peptic acid (Berg 1926, 99–100). These cases showed Berg that these features 
were present in the lower tunicates before becoming permanent features in adult 
vertebrates. In these examples, Berg’s theory required a broadly recapitulationist 
position, where modern tunicates represented an earlier stage of the evolution of the 
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vertebrates. These examples provide a window into his overall theory regarding the 
relationship between organisms in development and evolution.32  
 The evidence of phylogenetic variation across such a wide range of organisms 
prompted Berg to make two general claims about the production of variation in the 
developing organism. First, he argued that “new characters arise not accidentally, but in 
accordance with law, for the regular manifestation in higher forms of features of 
advanced specialization, which are, or were at some time, met with in forms, cannot be 
due to chance” (Berg 1926, 107). This first assertion was a basic conclusion given the 
evidence for phylogenetic acceleration. Based on Berg’s philosophical discussion of 
chance in evolution in the first chapter of Nomogenesis, his induction that phylogenetic 
acceleration indicates an orderly, law-like operation in nature was in keeping with his 
underlying philosophy. Berg’s second argument for the production of new variations 
asserted that “with the development of such characters the struggle for existence and 
natural selection had obviously nothing to do” (Berg 1926, 107). Berg’s philosophical 
position, described above, precluded selection from being operational if a phenomenon 
was fundamentally orderly and law-like. His final conclusion from these assessments of 
the phenomenon of phylogenetic acceleration was: “In all the above-mentioned cases 
evolution proceeds in accordance with law, or, in other words, in a determined direction” 
(Berg 1926, 107). 
                                                
32 It is noteworthy that this particular characterization of the relationship between the 
tunicates and the vertebrates is somewhat incompatible with his interpretation of the 
polyphyletic origins for most major groups.  
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 Berg’s second chapter of Nomogenesis, following his philosophical analysis of 
natural selection in the first, presented phylogenetic acceleration as the fundamental 
source of evolution’s directionality. This phenomenon immediately showed that the 
origin of new variation was central to this directionality. Because new features originate 
in juveniles, their utility cannot be a product of natural selection. Instead, they must be 
considered purposive adaptations that originate as a basic property of the organism. As 
such, the ontogeny of individual organisms became central to Berg’s theory of variation 
and directed evolution. These basic relationships established Berg’s position, outlined in 
the third and central chapter of Nomogenesis. 
 4.6 Definitely Directed Evolution 
 The third chapter of Nomogenesis represented the core argument of Berg’s theory 
of definitely directed evolution. In that section, he continued to argue that evolution could 
only proceed according to nomogenesis, or laws. He even used a metaphor to describe 
evolutionary directionality. He argued “that variation of characters is confined within 
certain limits, that it follows a definite course, like an electric current moving along a 
wire” (Berg 1926, 110). The second chapter provided some evidence of evolution’s 
directionality through the phenomenon of phylogenetic acceleration, but Berg sought to 
greatly add to the suite of phenomena supporting evolution in definite directions. Pulling 
evidence from paleontology, comparative anatomy, and development, Berg illustrated a 
range of cases that displayed the widespread directionality of evolution. 
 As outlined in his previous chapter, Berg argued that evolution was caused by 
either internal, autonomic or external, environmental causes. Chapter three focused on the 
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autonomic causes of orthogenesis, which, Berg argued, was a result of internal chemical 
features of the organism. 
That there are intrinsic and constitutional agencies laid down in the chemical structure 
of the protoplasm, which compel the organism to vary in a determined direction, may 
be inferred from the fact that not infrequently evolution proceeds [...] in the face of 
the environment, in a direction leading the organism to destruction. (Berg 1926, 114)  
 
Berg did not overly emphasize extinction as a proof of the power of autonomic 
orthogenesis, other than to provide a generalized case showing that certain processes 
operate without the influence of the environment. For example, Berg even said that the 
process of embryonic ontogeny was an example of internal, autonomic, constitutional 
features proceeding without much or any impact from the environment. Based on this 
premise, evidence of changes in definite directions was satisfactory evidence that 
evolution proceeded autonomically and orthogenetically. 
 Berg drew attention to several basic evolutionary phenomena supporting directed 
evolution, specifically: the evolution of the teeth in reptiles and mammals, the 
ossification of the vertebral column, the reduction in the number of bones in the skull, 
and the transformation of a two-chambered heart into a three- and four- chambered one 
and the resulting increased complexity of the circulatory system (Berg 1926, 121). For 
the purposes of this dissertation chapter, looking closely at just one of these examples is 
sufficient. The ossification of the vertebral column was an example Berg used from 
Othenio Abel’s Die Stämme der Wirbeltiere (1919). Berg’s figure, reproduced below 
(Figure 4), shows the type of evidence employed by Berg to represent the directionality 
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of evolution. The figure showed a series of fish, from a–d, that display an increase in the 
ossification of the vertebral column over time. The figure caption read: 
d, Hoplopteryx (Beryciformes) belonging to the Teleosti. Chalk—Recent. Vertebral 
centra ossified. 
c, Dapedius (Amiiformes) belonging to the Holostei. Lias. Ossification proceeds 
further, but vertebral centra not ossified, notochord persisting. 
b, Palaeoniscidae. Carboniferous, Permian. Whole vertebral column ossified, but no 
vertebral centra.  
a, Crossopterygii. Devonian. Vertebral column ossified in its posterior part, where 
only upper and lower arches are bony. 
 
 
Figure 4. Berg’s example of the directionality of evolution based on the ossification of 
fish throughout the paleontological record. 
 
This example of the ossification of the vertebral column in fishes over time was 
characteristic of Berg’s evidence. He did not provide any lengthy or critical analysis of 
the data. Instead, he just presented the phenomenon of successive ossification of the 
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vertebral column, as explained by Abel, as another data point. The apparent directionality 
of the process of ossification was just that, apparent. 
 Discussing a range of evidence from paleontology to support definitely directed 
evolution, Berg came to several core conclusions regarding the role of polyphyletic 
origins in supporting or disproving his theory of nomogenesis. Berg wrote the following. 
Every polyphyletic genus affords most obvious evidence in favor of the assumptions 
that development follows a definite course, that it could not proceed in any other way 
than the one it has taken, that variations are not infinite, but strictly limited in number, 
and that polyphyletic evolution is not the exception but the rule. (Berg 1926, 128)  
 
This was the first indication in the book of what became a major piece of his argument in 
subsequent chapters, especially chapters 4, 5, 7, and 9. Evidence of polyphyletic origins 
of genera suggested that the possible trajectories of evolution were deeply constrained in 
only a few possible ways. Polyphyly was evidence that evolution was convergent, that 
the possible pathways of variation and evolution were so deeply constrained that 
organisms with separate origins came to look more alike over time. He initiated this 
argument in this chapter on nomogenesis, but further elaborated in subsequent chapters, 
as described below. 
 Berg also used visual representations to portray the phenomenon of directed 
evolution that his various forms of evidence asserted. Figures 5 and 6 (below) show a 
series of drawings overlaying Cartesian coordinates that he used to depict the structural 
relationships between different genera of fish. The manipulation of the coordinates 
showed the relationships between the fish that were otherwise challenging to 
conceptualize. Berg used images from the British biologist D’Arcy Wentworth 
Thompson—originally presented in his 1916 paper (Thompson 1916) and reproduced in 
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his later book Form and Function (1917). Thompson wasn’t an orthogenesist, nor even 
an evolutionist; he was a polymath whose work proposed numerous ways in which 
mathematics could be used to describe and explain biological phenomena. Berg used 
Thompson’s images to represent the inherent structural limitations of biological 
organisms. While Berg did not fully explain these representations, he made an implicit 
argument for the connection between organismal transformations and mathematical 
transformations. His use of geometrical coordinates suggested that organismal variation 
was restricted in the same way that geometrical relationships were constrained. Given 
certain parameters, variations (organismal and mathematical) could only proceed in 
certain definite directions.  
 Berg’s implicit argument for the specific structural relationships is presented in 
Figures 5 and 6. The first drawing was of a parrotfish (Figure 5, left: genus Scarus). This 
long fish with prominent dentition was visually transformed into a marine angelfish 
(Figure 5, right: genus Pomacanthus) when the coordinate system was manipulated, 
turning it from a perpendicular grid in a rectangle to a pointed oval shape. The other two 
fish have a similar relationship. Figure 6 shows that the visual representation of the 
common porcupine fish (bottom left: genus Diodon) could be transformed into the 
oceanic sunfish (right: genus Mola) if the coordinates were made to flare out at the fish’s 
tail end. 
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Figure 5. Visual representation of the parrotfish (left: genus Scarus) and marine angelfish 
(right: genus Pomacanthus). 
 
 
Figure 6. Visual representation of the Diodon (left: porcupine fish) and Mola (right: 
oceanic sunfish). 
 
 Berg used visual representations differently from Eimer. By showing the 
relationship between the organisms through conceptually manipulating the field of 
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orientation, Berg conveyed to his readers a conceptual relationship between mathematical 
constraints and organismal constraints. Even without an expository description to follow 
these images, Berg’s representations showed a deep structuralism underlying organismal 
form, which would have been challenging to communicate without visuals. 
 The deep structuralism inherent in nature, displayed by these images and 
examples, was sufficient to alter Berg’s perspective on the relationship between ontogeny 
and phylogeny. While he presented ontogeny and phylogeny as deeply connected, after 
his major arguments for nomogenesis, he pushed his argument for the nature of ontogeny 
even further. He argued that ontogeny repeats phylogeny because the possible number of 
developmental trajectories is fundamentally limited.  
The presence of branchial arches in the embryo of man is no proof that man in his 
phylogenetic development at some time passed through the stage of a fish; it simply 
shows that, in mammals, in certain conditions of embryonic development, an organ 
resembling the branchial arches of lower vertebrates must be formed. (Berg 1926, 
133) 
 
This shifted the relationship between ontogenetic and phylogenetic sequences. Overlap 
between ontogeny and phylogeny indicated the law-based nature of growth and 
development (be they phylogenetic or ontogenetic). Organic growth was so restricted that 
ontogeny repeating phylogeny indicated the lack of possible alternatives, as opposed to a 
new metaphysical principle that ontogeny was a repetition of adult stages of the 
phylogenetic history of a species.  
 Berg re-articulated the relationship between ontogeny and phylogeny as such.  
Ontogeny repeats phylogeny, not because the organism had passed through the same 
stages that are manifested in ontogeny, but for the same reason that parallel branches 
develop in the same direction: at a certain period of development, both in the embryo 
of the fowl and that of a man, a notochord and branchial arches are met with [...] all 
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ontogeny [...] represents, not a repetition of the past, but [...] a preparation of future 
stages by the aid of preceding ones. It is the highest embodiment of the principle of 
development in a definite direction. (Berg 1926, 133)  
 
This was Berg’s reformulation of the doctrine of recapitulation, or the “biogenetic law,” 
the definition of which he drew from Oscar Hertwig: “it is a repetition of forms obeying 
the laws of organic development and following the path which leads from the simple to 
the complex” (Berg 1926, 133). Similarity in ontogenetic processes across a range of 
different organismal groups was, for Berg, not an indication of common ancestry. 
Instead, it suggested that the process of growth and development (both ontogenetic and 
phylogenetic) could not have proceeded differently. These similar developmental 
structures across taxa served to reinforce the notion that evolution was fundamentally 
directional and limited. 
 This discussion of the biogenetic “law” prompted Berg to comment briefly on 
what constituted a “law” in the natural sciences. Given that Berg concluded this chapter 
with five laws of evolution, his thoughts on the philosophical basis of a natural law were 
pertinent. He wrote:  
in observing Nature we detect a sequence of phenomena and a connection between 
them, which consists in the repetition of the same phenomena when the same 
conditions recur. The probability of the future occurrence of such a repetition we call 
law. (Berg 1926,133)  
 
This reinforced the basic notion that Berg, alongside Cope and Eimer, was primarily 
concerned with codifying the basic processes operating across the organic world. These 
laws set the basic operating procedures, under his conception of nature.  
 As stated above, Berg concluded this third chapter on definite directions with five 
concise “laws” of evolution. He argued that these laws were the epistemological 
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consequence of the evidence he had developed thus far in his book. I repeat these 
verbatim here because his language is instructive for the purposes of this dissertation 
chapter. 
I. Higher characters or their rudiments appear in lower groups very much earlier 
than they are manifested in full development in organisms occupying a higher 
position in the system. […] 
It may be inferred from this that evolution is to a considerable degree an 
unfolding of pre-existing rudiments. But, as will be seen from the sequel, it would be 
incorrect to maintain that evolution is preformation pure and simple. […] 
II. The successive manifestations of new characters are governed by law. In the 
process of evolution there is no place for chance: new characters appear where they 
should appear. Evolution is nomogenesis, or development determined by law. 
Just as ontogeny pursues its destined course prescribed by law (the antecedent 
stages preparing and predetermining the subsequent ones), so is evolution 
accomplished by means of law. […] 
III. Therefore evolution follows a determined direction. There is no chaotic 
variation, as was assumed by Darwin. […] 
IV. Some characters owe their development to internal (autonomic) causes 
inherent in the very nature of the organism, and independent of any effects of the 
environment. These are the fundamental, the most essential characters which 
determine the very plan of structure of a given group. It is perfectly obvious that the 
ontogenetic process, for instance, is effected by these intrinsic causes alone. […] 
V. The laws of the development of the organic world are the same in both 
ontogeny and phylogeny. Thereby may be explained by the much-talked-of 
“recapitulation” of phylogeny by ontogeny. (Berg 1926, 154–55) 
 
These laws deserve some analysis for our purposes here. The first law was clearly a 
formalization of Berg’s idea of phylogenetic acceleration. Berg did what both Eimer and 
Cope had done before him: establish the centrality of a particular phenomenon (or set of 
phenomena) as so foundational to the operations of the biological world that they were 
considered “law.” This approach to laws in biology was not unique to biology, of course. 
For what was gravity if not a profoundly generalizable phenomenon? But the second law 
undermines any potential triviality of evolution. Berg did not view evolution as simply an 
unfolding of preformed rudiments. He was clear in his discussion of the origins and 
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patterns of variation that, while highly constrained, they were not simply the 
manifestation of a fundamentally teleological worldview.  
 The third law was a consequence of the first two. Having gone into significant 
detail in his first chapter on Darwin, Berg was not compelled to retrace his steps here. 
Importantly, when presenting his theory as a whole in Nomogenesis, Berg used the 
strategy of tearing down Darwin’s theory (based on, as Berg saw it, chance) first, and 
then developed the first two laws in subsequent chapters. But in describing the logic of 
his theory in this third chapter, Berg suggested that the fact that evolution proceeded in a 
determined direction was a consequence of the law-like behavior of organic variation.  
 Concerning the fourth law, this type of contingent law was much more common 
in the laws of evolution. Rather than the first three laws, which apply broadly across all 
organisms, the fourth law only applies to “some” characters. But, clearly, Berg had 
developed dozens of examples where this was the case, and describing this phenomenon 
as a “law” was elevating it from merely a set of isolated phenomena to an important place 
in the epistemology of his theory. Furthermore, he articulated that these internal causes 
provide the foundational structural elements that an entire group has in common. By 
isolating the causes of these types of autonomic changes in the developing organism, 
Berg was clearly articulating the central role that internal factors played in the major 
shifts in the history of evolution.  
 The fifth and final law is familiar to readers of this dissertation, since it was the 
“law of growth” in Eimer’s theory of evolution (see section 2.5.3). By tying together the 
fundamental processes of growth in ontogeny and phylogeny, Berg identified the central 
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phenomenon for many proponents of definitely directed evolution—that phylogeny was 
the mechanical outcome of successive ontogenetic processes. Not only did this further 
articulate his first law, and show the relationship between ontogeny and phylogeny, but it 
strengthened the overall coherence of his set of laws.  
 These five laws represent the central epistemic features of Berg’s theory of 
nomogenesis, or evolution according to law. The rest of the book was to some extent an 
extension of the logic presented in these chapters. But, as I show, his theory of the 
relationship between convergent evolution and polyphyletic origins strengthened the 
argument for his theoretical framework as a whole. 
 4.7 Convergence 
 Thus far in Nomogenesis, Berg had established the basic laws of evolution and 
presented numerous examples to substantiate these laws. He had put the Darwinian 
framework through philosophical tests and found it lacking. In the fourth, fifth, and 
seventh chapters, Berg carefully developed another argument based on his conception of 
development and evolution just described. In those sections, he argued that convergence 
of characters in diverse groups was the predominant mode of evolutionary change.33 This 
notion opposed the basic “descent with modification” framework advanced by most 
evolutionary thinkers at this time (including Eimer and Cope). By arguing against the 
idea that evolution was primarily divergent, Berg effectively distanced his theory of 
evolution considerably from other alternatives.  
                                                
33 Berg provided over one hundred pages of empirical evidence to support his views on 
convergence in Nomogenesis. He brought in evidence from comparative anatomy, 
paleontology, and embryology.  
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 From an argumentative standpoint, Berg’s discussion of convergence was 
important to his overall argument. Every time he articulated evidence to suggest that a 
character in two species, genera, etc. originated as a result of convergence, as opposed to 
divergence, it implied the verity of his views on nomogenesis, that 
evolution/development only proceed in a very few limited directions. Every instance of 
convergent evolution presented by Berg was further support of his theory of definitely 
directed evolution. This dissertation section describes the basic argumentative strategies 
employed by Berg to convince his audience of the prevalence of convergent evolution. 
 Berg began his chapter on convergence with what he viewed as the basic 
presumptions of most advocates of selection: the differences in organismal structure were 
the result of divergent evolution, and the similarities were indicative of “aboriginal” 
features in the common ancestors (Berg 1926, 156). He argued that this set of 
presumptions further built on the idea of variation as a product of chance changes in the 
organism, and not as a product of development in definite directions. As he argued in 
previous chapters, nomogenesis was inconsistent with the “principle of chance” in 
variation. Consequently, this law-based view of evolution supported a position that 
interprets similar organismal features in diverse organisms as a consequence of 
convergent evolution.  
 Berg essentially flipped the epistemic value of similar and dissimilar traits when it 
came to interpreting evolutionary change. He wrote:  
(1) that very often differences are not the consequence of divergence of characters, 
but the effect of inheritance from common ancestors; they are something aboriginal; 
and (2) that very often similarities are not the result of inheritance from common 
ancestors, but a consequence of convergence of characters. (Berg 1926, 157) 
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Berg did not suggest that these two features were the exclusive case in evolution. Rather, 
he argued that they were the dominant trends in evolution. Regarding the first trend, Berg 
outlined his views on evolution by sudden leaps forward, or saltationism, in a later 
chapter. His perspective on saltationism from mutations meant that he viewed major 
differences in organisms as possibly the result of saltation events where the hereditary 
material changed the form of an organism significantly in a very few generations. He 
devoted the rest of his chapter to providing evidence for convergent evolution, or the 
second trend articulated in the citation above. 
 One of the major conceptual hurdles for Berg regarding convergence was the 
predominant theory of homology and analogy in comparative anatomy and evolutionary 
theory. Returning to the work of the English anatomist Richard Owen, Berg described the 
basic difference between analogous and homologous features, in ways that conform to 
modern explanations. “Analogy is a superficial resemblance, homology a resemblance 
based on a common origin” (1926, 158). Berg recognized that the phenomenon of 
analogous features was considerably more complicated than mere superficiality, 
following a distinction made by the noted American paleontologist Henry Fairfield 
Osborn. Referring to Osborn’s distinction, or degrees of analogy, Berg wrote: 
1. Parallelism: an independent (not due to inheritance from common ancestors) 
acquisition by related animals of similar characters. 
2. Convergence: an independent acquisition by unrelated animals of similar 
characters. 
3. “Homoplasy” (potential, or latent homology, isomorphic): an independent 
acquisition of similarity between homologous organs in different animals (cf. 
above, example of teeth) 
4. Analogous variation: similar congenital variation in more or less distantly related 
animals and plants. (Berg 1926, 159) 
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Detailing the difference between various types of analogy proves to be a crucial part of 
Berg’s argument in Nomogenesis. These distinctions serve to show how similar various 
types of possible analogy are, and how they are related to homology to varying degrees. 
For example, Berg did not draw a meaningful conceptual distinction between convergent 
evolution and parallel evolution. Instead, he collapsed these phenomena into one 
designation: convergent evolution. Hence, for him, all evidence of parallel or convergent 
evolution became strong evidence of evolution according to laws. But this strategy was 
not drawn out into a comprehensive analysis of these differences. Instead, Berg collapsed 
the notions of analogy and homology onto one another in accordance with his law-based 
theory of evolution.  
 Berg went beyond this argument to claim that analogy and homology were not 
fundamentally different. Berg wrote: “everything that will be presented henceforth in this 
chapter shows that between convergence and homology there is no difference in 
principle: all characters arise in accordance with certain laws” (Berg 1926, 160). 
Consequently, resemblance may or may not be due to consanguinity. Similar features 
may be convergent or they may be homologous. While it might, on the face of it, seem 
like the distinction between homology and analogy would become central to his argument 
for convergent evolution, which was not the case. Both homology and analogy, he 
argued, merely show that evolution proceeds according to law, in definite directions. 
Because of Berg’s framework of law-based variation, similarities were necessarily going 
to be understood as indicative of structural limitations to variation. Therefore all 
similarities, not just convergent ones, were evidence for his basic principles. 
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 Despite arguing that analogy and homology were both indicative of laws of 
development, Berg provided numerous examples of analogous or parallel variations, and 
therefore evolution in definite directions. Two such examples that he elaborated 
significantly in this chapter were similarities between dipnoan fishes and terrestrial 
vertebrates, and the similarities between birds and dinosaurs. In the first example, Berg 
detailed no fewer than fourteen examples of parallel evolution between these distant 
groups. In the second example, Berg brought to bear the work of numerous 
paleontologists who had shown not only the polyphyletic origins of birds and dinosaurs, 
but also the similarities between these groups. Other examples of convergence were 
described based on similarities between: insects, the invertebrates and vertebrates, 
amphioxus and lampreys and fishes, crocodiles, flying reptiles, the Theromorpha, lemurs 
and apes, keelless birds, monocotyledons and dicotyledons, North American horses, 
Titanotheria, Icthyosauria, tailless Amphibia, Stegocephali, owls, placental mammals, 
vertebral columns in vertebrates, vertebrate skulls, luminous organs in marine fishes, “the 
remarkable Central American ‘four-eyed’ fish,” the hymen in vertebrates, sight organs, 
digestive tracts in parasitized host organisms, seed-like structures in fossil mosses, and 
insectivorous plants (Berg 1926, 164–226). Convergence was clearly an important and 
wide-ranging phenomenon, according to Berg. The fact that he devoted fifteen percent of 
his book to these examples again reveals to us his commitment to bringing evidence from 
long-term trajectories and patterns in evolution to bear on the theory of evolutionary 
causation.  
  170 
 One final concept that Berg discussed in his fourth chapter was “phylogenetic 
atavism” or the reversion of species to previous states. He was especially concerned with 
determining whether or not, and to what extent, evolution was reversible. He argued 
against the position of the French-Belgian paleontologist Louis Dollo, who contended 
that evolution was fundamentally irreversible. Berg instead brought several examples to 
bear on cases where it appeared that a species reverted to an ancestral state of one 
particular set of characters. One of the biologists whom Berg cited extensively was 
American paleontologist and fellow proponent of directed evolution Alpheus Hyatt, 
friend of and co-creator of the law of acceleration and retardation with Cope. Hyatt 
argued that certain groups of ammonites reverted to more juvenile characters just before 
extinction. Berg concluded that, while phylogenetic atavism in principle occurred, it did 
not dominate the phenomena of evolution. Consequently, atavism was not a dominant 
feature on the landscape of evolutionary causation. Rather, it has a limited scope of 
influence.  
 Berg concluded from this chapter an additional two laws, adding to the five he 
presented in his third chapter. The sixth law stated that “both in phylogeny and in 
ontogeny characters develop at a different rate: some repeat, as it were, the former stages, 
others predetermine the future ones” (Berg 1926, 234). In some senses, this was a law 
that modified the fifth law, stating that ontogeny and phylogeny are subject to the same 
law. They are independent, he argued, except that the speed of ontogenetic and 
phylogenetic development differed. The seventh law states: “every organism consists of a 
combination of characters which evolve to a considerable degree (sometimes entirely) 
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independently one of another” (Berg 1926, 234). This law further specified the ways in 
which features were independent of one another with an organism. The first five laws 
identified the basic framework for thinking about evolutionary change and the source of 
variation. These final two laws articulated the ways in which characters are 
independently evolvable. Throughout the course of the book, Berg was slowly clarifying 
the exact details of his evolutionary system. The broad rhetorical strategy came into focus 
as each chapter passed. Slowly, point by point, he argued for the ten features 
distinguishing his argument from Darwin’s.  
 The subsequent several chapters in Nomogenesis continued Berg’s discussion of 
convergence. In chapter 5, he again presented numerous examples of this phenomenon in 
an effort to further substantiate the laws discussed in chapters 3 and 4. In chapter 5, 
however, the features of the organism were “external” features, not internal ones. The 
eighth chapter of the book provided similar cases of mimicry as convergence. In both of 
these chapters, Berg was not identifying new causes of evolution, nor was he using these 
sets of phenomena to further articulate the ways by which evolution proceeded in definite 
direction. Instead, he was building up a considerable wealth of evidence for his overall 
position, showing the ways in which his theories could account for convergent 
phenomena in an astonishingly diverse group of organisms.  
 In the seventh chapter of the book, Berg described the phenomenon of 
convergence as a specialized mode of life. Berg recognized that the phrase “specialized 
mode of life” did not particularly distinguish the examples in the seventh chapter from 
those in the fifth. Rather, this was a convenient way of organizing his examples of 
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convergence. One example of the cases he identified was between the Cetacea (whales, 
dolphins, and porpoises) and Sirenia (manatees and sea cows). The similarities between 
these very distantly related organisms were all too apparent to anyone who had seen these 
creatures. This chapter was little more than a wide smattering of examples of organisms 
in different classes, orders, etc. that were very similar due to their particular special 
conditions of life. In many respects, the middle third of the book was an almost 
encyclopedic account of similar structures across diverse groups—impressive, yet 
uninteresting for this dissertation focusing on Berg’s theory. Yet, while these examples 
were numerous, they mixed together causal factors both internal and external to the 
organism. External factors as distinct from internal ones were the subject of Berg’s sixth 
chapter. 
 4.8 Biogeography and Environmental Influences 
 Chapters 2 through 5 of Nomogenesis focused on factors internal to the organism 
as the cause of evolutionary change. Berg’s discussion of ontogenetic changes and 
developmental laws makes it clear that while he was unable to articulate the exact causes 
of heredity that bias variation, and subsequent evolution, his primary concern was 
describing the importance of internal factors. In chapter 6, he emphasized the second kind 
of process, evolution caused by influences of the external environment. Berg was trained 
as a geographer, and traveled widely for several years before publishing this book. 
Consequently, the material evidence for the influence of what he calls “geographical 
landscape” on the organisms that live there was specific and quite interesting. In each 
  173 
case, Berg discussed the large-scale patterns and trends of variation and evolution based 
on the geographical landscape.  
 Causation, when it came to the external environment, was not limited to one 
factor, like temperature, humidity, or particular minerals. Rather, Berg was concerned 
with a suite of factors external to the organism that impact its physical constitution. This 
influence clearly was not based on “micro-environments,” but on larger scale 
environmental influences and trends. Concerning the causal influence of the environment 
on a species, Berg wrote:  
the geographical landscape affects organisms in an imperative manner, compelling all 
the individuals, so far as the organization of the species permits, to vary in a 
determined manner. There is no place here for chance: consequences follow with the 
same fatal constancy as chemical reactions or physical phenomena. (Berg 1926, 265)  
 
In the passage quoted here, Berg returned to explanations based on organisms acquiring 
new characters. Returning to information from his first chapter, the acquired traits were 
then passed on to subsequent generations. Furthermore, this quotation again identified the 
process of beginning evolutionary change as a mechanistic one, based on chemical 
reactions and physical phenomena.  
 As readers of Nomogenesis to this point would expect, Berg provided another 
suite of examples for the effects of the environment on organisms. One of these was 
taken from Franz Boaz, the American anthropologist. Boaz studied Jewish and Sicilian 
people born in America. The results of his 1911 study suggested that being born in the 
United States influenced the mean skull size of these two groups. Furthermore, he looked 
at a variety of other European groups displaced in other environments as evidence for the 
impact of the environment on the organism.  
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 Concerning the role of environmental impact on speciation, Berg weighed on the 
debate between M. Wagner and others (see Weismann 2009) who insisted upon isolation 
as a factor in the generation of a new species. He argued that “the deeper we penetrate 
into the study of the geographical distribution of organisms, the more clearly do we 
perceive that every geographically isolated region or landscape possesses its own animals 
and plants” (Berg 1926, 299). Berg made it clear, however, that the impact of the 
geographical environment was not simply abiotic. Rather, biological environments also 
impact newly displaced groups. Nevertheless, Berg did not dwell on speciation, a topic to 
which he returned in earnest in the final major chapter. 
 4.9 Polyphyletic Origins 
 Berg’s final two chapters focused on the causation of evolution. In chapter 9, he 
focused on evidence that supports polyphyletic origins. Even the notion of polyphyletic 
origins seems foreign to modern readers, but in the early twentieth century, there was less 
evidence strongly allying all the various living and fossil forms on Earth. Given how 
Berg set up his argument, the notion of polyphyly provided further evidence for the role 
of laws of development and evolution. 
 To be clear, when Berg discussed the question of monophyletic or polyphyletic 
groups, he was not quibbling over whether there was one original ancestor, or several, of 
all life on Earth. He was concerned with the possible multiple origins of many higher and 
lower phyletic groups. Berg provided several reasons behind this perspective. When he 
discussed polyphyly, he generally meant that similar forms have been produced from 
various stems. 
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 One reason Berg supported polyphyletic origins was as follows:  
As the knowledge of the structure of plants and animals grows more exact, and the 
field of paleontology becomes widened, the number of cases of polyphyletic origin 
increases. And yet the principle of polyphyletic origin undermines the very 
foundation of selectionism. (Berg 1926, 340)  
 
He was making an epistemological argument to the effect that advocates of the principle 
of common descent with modification were so dedicated to the presumption of 
monophyletic origins that they were not taking into account increasing evidence from 
paleontologists. The type of evidence he then brought to bear on this question was a 
series of examples of groups that were once thought to be monophyletic, but had since 
been scrutinized closely by zoologists and paleontologists who concluded them to be 
polyphyletic. Consequently, his basic argument was: over time, more taxonomists and 
biologists were recognizing that increasing numbers of phyletic groups were 
polyphyletic; therefore, polyphyly was a common phenomenon across the organic world. 
 But beyond the recently classified polyphyletic groups, Berg took serious issue 
with the fact that thousands of new classes, subclasses, orders, etc. were established and 
reestablished based on continually changing views of separate or common origins. He 
wrote:  
If we turn to the history of the classification of plants and animals, we shall see that 
the number of phyla, classes, orders, etc. continually increases and this increase is, in 
an overwhelming majority of cases, due to authors realizing that they were unable to 
derive one group from another. i.e. it testifies in favor of polyphyletism. (Berg 1926, 
341)  
 
Berg’s argument in favor of polyphyly was therefore one based on the epistemological 
success of taxonomy.  
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 Berg discussed many empirical examples in which extraordinary diversity in a 
group like the vertebrates and angiosperms was hard to reconcile, which displayed his 
argument for polyphyletic origins. He contended that the strict adherence to the principle 
of monophyletic origins was absurd when groups could not easily be resolved (Berg 
1926, 343). While his argument from complexity was not entirely convincing, it was 
indicative of the type of thinking that he drew on. Berg’s own work on the freshwater 
fishes prompted the following set of conclusions from him:  
The Marsipobranchii are neither the descendants of the Acrania (Amphioxus), nor are 
they the ancestors of the true fishes. The Placodermi and Coccostei are singular 
Palaeozoic fish-like animals and fishes, from which it is not possible to derive the 
other classes. Cartilaginous fishes represent a separate branch, parallel to the series 
Osteichthyes. This latter series cannot be derived from the Selachii: in 
Chondrichthyes the solidification of the vertebral column is accomplished by the 
impregnation of the cartilage by lime, whereas in the Osteichthyes the cartilage is 
replaced by bone. (Berg 1926, 343) 
 
These conclusions come after an extensive examination of these groups, and a careful 
rethinking of the grounding for common ancestry. In the case of each of these groups, 
Berg went into detailed discussion of how biologists cannot derive one group from 
another. By showing how each of these groups is fundamentally distinct from one 
another, and are not easily resolved into groups derived from common ancestors as 
advanced by specific theorists, Berg showed how each group was really polyphyletic, not 
monophyletic.  
 The basic logic was rather straightforward. Wherever Berg was able to show that 
a group once thought to be monophyletic could not be derived from other classes, this 
was evidence of polyphyly. Berg provided quite a few examples to this effect, displaying 
how various groups that had been thought to be monophyletic were actually revealed, by 
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paleontology and comparative anatomy, as polyphyletic. They include: mollusks, 
ammonites, wingless rails, African ostriches, and others.  
 Berg’s example from the taxonomy and comparative geography of ostriches 
provides historians with a clear sense of his logic and the types of empirical evidence he 
deployed to argue for polyphyletic origins. He wrote: 
The African ostriches (Struthio) and the American rheas have a similar outward 
appearance and many common points of structure. But there are also such radical 
differences between them that Fürbringer (1888, p. 1565) decided to separate them 
into two distinct orders. “Between Struthio and Rhea,” he says, “genealogical 
differences, which go very far back, are present; the dissimilarities between the two 
birds were once much more striking and externally apparent. But similar conditions 
of life among which both species dwelt throughout the course of ages, gradually 
veiled the radical distinctions and produced a considerable resemblance between them 
in their outward aspect.” (Berg 1926, 346) 
 
The evolutionary history of the ostriches provided yet another example of polyphyletic 
origins for Berg. In this case, their ancestry suggested that this group stemmed from quite 
distinct and morphologically dissimilar stocks that evolved to be more similar over time, 
which also supported his notion of evolution in definite directions.  
 Another source of Berg’s dissatisfaction with the presumption of monophyly was 
the lack of transitional fossils between phyla and classes, and sometimes even between 
lower groups. He argued that the reliance on the argument of “the imperfection of the 
fossil record” was flawed. Many decades of productive paleontology had not provided 
sufficient evidence for the transitional fossils that would clarify the common ancestry of 
major groups. And, Berg further argued, the “transitional” fossils that had been produced 
in recent decades tended to “combine characters of high development with those of a very 
low one” (Berg 1926, 348). Consequently, he argued that phylogenetic acceleration has 
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been involved in these cases, and that most instances where highly derived characters 
were combined with primitive ones almost always led to the extinction of the group. This 
argument made more sense in the context of his views on the laws of growth and 
development. His argument here was, effectively, that if one particular feature outgrows 
the functional capabilities of the whole organism, then extinction likely resulted because 
of the incapacity of the organism to function as a whole. 
 Berg concluded his chapter on polyphyly with a curious argument. He viewed the 
scientific perspectives of two of biology’s greatest theorists, Darwin and Linnaeus, to be 
opposite ends of the spectrum of monophyly and polyphyly. Darwin believed in the 
common origin, or very few origins, of all living beings. Linnaeus believed that every 
species had an independent origin. Berg wrote: “In the present state of science, we may 
say that both Linnaeus and Darwin were in error, but that Linnaeus, from the purely 
quantitative side, was nearer to the truth” (Berg 1926, 358). With these perspectives in 
mind, Berg ended with the following conclusion. 
 
I imagine the process of evolution to have been the following. A large number, 
thousands and possibly tens of thousands of primary germs, evolved more or less 
convergently (parallel to each other). Some groups became extinct, others in 
supplanting them gave rise to new forms. Small taxonomic units [...] also originated 
divergently. (Berg 1926, 360) 
 
Consequently, his view split the difference between a wholly divergent one and a strictly 
polyphyletic one. 
 4.10 Speciation, Saltation, and Heredity 
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 The final substantive chapter of Nomogenesis outlined two possible causes for the 
production of new species. The first followed from his arguments about the importance of 
geographical and environmental factors on organisms. The second was more 
controversial, in that he argued for speciation occurring rapidly and in large shifts, 
through the process of saltationism. The first factor was caused by environmental 
influences on the organism, and the second was caused by internal causes linked to 
heredity. 
 Berg’s first cause of speciation followed his work on the importance of external 
factors in evolutionary causation. Following from his discussion of monophyly, he asked 
(Berg 1926, 363): do geographical forms arise from individual pairs? Or from small 
populations of organisms? Are they monophyletic? Berg answered these questions by 
focusing on the role of the environment in shaping organisms. As we know from his 
previous discussions, his theory of the environment was based around the inheritance of 
acquired characters. Hence, a species or subspecies did not go through a process of 
selection to change in accordance to a shifting environment. Rather, the species changed 
as a whole very quickly in response to the environment—each organism adjusting 
independently to the change. He wrote: “in the origination of new geographical forms 
(species, subspecies, etc.) a vast number of individuals inhabiting a certain geographical 
area are simultaneously involved in the production of new characters” (Berg 1926, 364). 
Selection did not, therefore, play a part in the molding of a species or subspecies to its 
environment.  
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 The production of geographical forms took place, Berg argued, simultaneously 
across most of the individuals in a population. As such, he described the formation of 
species as fundamentally “epidemical [in] character” (Berg 1926, 368). The extensive 
evidence brought to bear on species variation across different geographical landscapes, 
the subject of previous chapters in Nomogenesis, became a major part of Berg’s argument 
that new forms were produced through his laws in the entire area of distribution of a 
particular geographical form. An entire population changed en masse through the 
manifestation of new characters in the process of growth. Along these lines, Berg argued 
again that natural selection cannot be a creative force in the production of geographical 
forms. Instead, it winnowed out individuals that had variations outside the statistical 
norm. Therefore, “if a useful character or contrivance is to have any chance of being 
preserved, it should be simultaneously manifested in a vast number of individuals; such 
individuals would be most resistant to unfavorable conditions” (Berg 1926, 372). This 
precondition of simultaneous variation across a species was also a central feature in 
Berg’s discussion of species formation through internal causes.  
 To be clear, Berg never fully explained how a species would manifest 
morphological changes as an entire group. Rather, he merely stated that this must be the 
case, since the fossil record shows extensive evidence of entire species undergoing 
significant morphological transformations very quickly. Part of Berg’s argument for the 
“epidemical” transformation taking part across an entire species relied on his argument 
against natural selection as an operating force in nature. He wrote:  
Had variation failed to affect simultaneously a vast multitude of individuals, it would, 
from the point of view of selection, very generally possess no value. Thus, it is 
  181 
advantageous for bees to possess a long proboscis, as in that case they are able to 
suck honey from flowers of clover. But a modification in the line of increasing the 
length of the proboscis would have to affect a multitude of individuals, for, operating 
on individual variability alone, selection could lead to no progress. (Berg 1926, 367) 
 
This quotation shows historians the importance of his argument against natural selection 
as a creative force, with respect to his own theory of rapid evolutionary transformations 
across an entire group. His argument relied on the idea that natural selection could only 
maintain the structure of an existing population, not transform it from one morphological 
form into another. Given his reliance on the notion that morphological form was deeply 
constrained by laws of growth and development, the only evolutionary theory available in 
his theoretical system was the notion that, somehow, all the individual organisms in a 
species would be transformed en masse. While modern readers may find this theory 
deeply problematic, it was logically consistent within Berg’s proposed system.  
 The second cause of speciation in Berg’s theory concerned the hereditary material 
and the origin of new species. Berg began by discussing the well-known work of Hugo 
De Vries, specifically his work on the plants Oenothera lamarckiana. The mutations of 
this particular species were notoriously complicated,34 and DeVries used them to 
conclude that evolution proceeded not slowly and steadily but through major leaps 
forward—saltations. Berg distanced himself from DeVries’ results specifically, saying: 
“we shall only refer to the quantitative relations, in which the mutations of de Vries are 
exemplified. And this will enable us to solve the question whether new characters are 
produced in nature by means of heterogeneous variations” (Berg 1926, 378). Berg then 
                                                
34 Today they are viewed as atypical, and understanding the production of novel 
characters in this species was challenging in the late nineteenth century. 
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described the experiments, and the viability of the offspring that were significantly 
mutated from the parental stock of plants, pointing out that numerous complications 
sprung up concerning this work because of the plant’s capacity to hybridize extensively 
with other species. Berg found the evidence for this particular type of evolution via major 
mutations difficult to draw broad conclusions from, partly because it was not entirely 
clear how the heredity of the organism impacted major evolutionary shifts. 
 Berg concluded that mutations of the type that de Vries described cannot account 
for the type of shifts that would cause major evolutionary changes, because variation was 
produced homogeneously across a population. “From the foregoing it is clear that neither 
individual hereditary variations such as the mutation of Oenothera, nor the similar 
mutations, following Mendel’s law, of the type of Antirrhinum or Drosophila [...] can 
give rise to new forms” (Berg 1926, 383). For the creation of new forms, as he described 
it, the entire group of organisms in a population must change en masse. Hence the 
individual mutations, be they de Vriesian or Mendelian, did not satisfy the requirement of 
shaping a species or subspecies. Berg argued, therefore, that there were only two known 
processes that accounted for transformations en masse. The first was under change of 
geographical/environmental pressures, as previously discussed. The second was under 
autonomic causes leading to directed evolution.  
 This second cause of speciation, Berg argued, stemmed from mutations that were 
more akin to the types of changes discussed by the paleontologist Wilhelm Waagen in the 
1860s.  Waagen held a view that local or geographical varieties were transient forms and 
that paleontologists were mostly concerned with the transformations of an entire species. 
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He argued that internal causes provided the impetus for major evolutionary 
transformations seen in the fossil record. Quoting from Levit and Olssen (2006)  
[Berg] labeled them [speciation events] Waagen mutations: “new species arise by 
means of a mass transformation of a great number of individuals, which happens due 
to Waagen mutations […]. This mass transformation is a phenomenon of geological 
magnitude. It is connected with the alteration of the fauna of a certain horizon and 
comes about in certain periods only to be absent for a long time.” (317) 
 
Berg’s use of Waagen’s theory of mutations showed that he sought to identify a 
geological signal for his theory of rapid morphological evolution. While this does not 
necessarily explain how the individuals of an entire species would change at once, Berg 
thought that this evidence from Waagen’s work showed that this was a real phenomenon. 
In keeping with Waagen’s theory, Berg was also somewhat vague about the nature of the 
“internal causes” of these transformations.  
 This particular mutation theory accounted for the sudden appearance of species in 
the fossil record, a factor that Darwinian gradualists struggled to explain. This saltational 
theory, Berg argued, might also account for several other challenging phenomena: 
(1) the polyphyletic origin both of small and large groups. (Its cause is displayed in 
the very manner in which new forms are produced, which is polyphyletic, and is 
accomplished by means of the transformation of vast numbers of individuals or of 
all the components of the species); (2) the sudden appearance of species; (3) the 
absence of transitions between species. (Berg 1926, 386) 
 
Berg’s argument that evolutionary saltations by Waagen mutations potentially solved one 
final “enigmatic” phenomenon, polyphyletic origins, is particularly noteworthy for the 
purposes of this dissertation. Unfortunately, the extent to which Waagen mutations 
explain polyphyletic origins was never fully explored in Berg’s book.  
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 Up to this point in the book Nomogenesis, Berg had given extensive empirical 
support for his theories, but unfortunately for those of us seeking to reconstruct his 
thinking, Berg’s argument regarding polyphyly and Waagen mutations became less 
straightforward in the last thirty pages of the text. It was unclear from this passage 
whether or not Berg intended Waagen mutations to provide a full explanation for the 
phenomenon of polyphyly, or just in a few cases. As described in the passages discussed 
above, Berg had previously argued for the independent origins of many thousands of 
species. His argument, however, had been somewhat cryptic as to the cause of those 
independent origins. Referencing the work of Cope, Berg claimed that paleontology 
provided ample evidence from fossils to display the very rapid origins of new groups. 
Having dismissed de Vriesian mutations as a source of major changes in evolution, Berg 
continued his argument by saying that Waagen mutations were the cause of this rapid 
morphological evolution. In contrast to Aristotle’s and Leibniz’s classic natura non facit 
saltum, Berg replied: natura facit saltum (Berg 1926, 387). Berg next discussed the 
history of saltational theories brought forth by a variety of authors, but then changed the 
subject to the nature of species without adequately describing whether or not a speciation 
event producing morphologically distinct genera constituted an example of polyphyletic 
origins. 
 First-time readers of Nomogenesis might miss the significance of the explicit links 
Berg developed between saltationism and the nature of species, specifically concerning 
their polyphyletic origins. He drew out this particular subject by asking the question: 
“Are the limits between species sharply defined?” (Berg 1926, 390). Indeed this seemed 
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like a curious question, given that he just argued that speciation via saltationism was 
prevalent. Nevertheless, Berg developed a rather nuanced perspective on species, 
drawing from several figures, including the French naturalist Georges Buffon, Darwin, 
and the Dutch botanist Johannes Paulus Lotsy. Buffon’s notion of species, Berg argued, 
drew upon the traditional perspective of a group of similar, multiplying organisms (Berg 
1926, 390). He contrasted this with Darwin, whose perspective on the nature of species 
was generally well known. Darwin argued that species were conventional names for 
groups of organisms with a certain level of similarities among the species. A species was, 
therefore, not fundamentally different from a “variety,” except to the extent that the 
organisms varied. Berg argued that what constitutes a “species” was determined by the 
group of natural historians who concerned themselves with a particular group. Lotsy, on 
the other hand, wanted to identify the smallest possible unit of a species, which he called 
a “Jordanon.” “Lotsy [...] thusly defines a species: in organisms with sexual reproduction 
a species is “a complex of all homozygous individuals endowed with a similar (genetic) 
hereditary constitution” or a similar complex of genes” (Lotsy 1916 quoted in Berg 1926, 
391). Indeed, that did seem to be cutting the traditional species into a tremendous number 
of parts. But Berg mixed together elements of these definitions in his own. Berg wrote:  
We consider species to be those complexes of forms (elementary species, aberrations, 
morphas, sub-species), and those only, which possess the two following characters: 
(1) they are sharply distinguished morphologically from neighboring form 
complexes; (2) they differ genetically from neighboring form-complexes by the 
possession of a new character. (Berg 1926, 392) 
 
The consequence of this definition for Berg’s argument was that the notion of a species 
therefore included all subspecies, varieties, etc. that were connected to each other. Here 
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he agreed with Darwin that a species was not essentially different from a variety; the 
species included all varieties. He argued that one benefit of this notion of species was that 
the requirements of sharp morphological distinction and different genetic characters 
should make it easier to distinguish between species, or see when one was sharply 
demarcated.  
 This passage of Nomogenesis did not clearly describe the exact theoretical 
relationship between Waagen mutation-induced saltationism and the generation of groups 
Berg considered polyphyletic in origin. Was a saltation event that produced a 
morphologically distinct group sufficient to produce a taxonomic category that Berg 
considered polyphyletic? The species in that “polyphyletic” group would have 
theoretically shared a common ancestor yet were morphologically distinct enough to 
confound the typical identification of the group as monophyletic. So, we are left to 
wonder: in what sense was this group polyphyletic? Unfortunately, Berg never 
adequately explained this aspect of his theory.  
 Berg seemed to make the case that species of significant difference from the 
parent species may arise de novo, and that situations in which this occurs might “account 
for” the polyphyletic origins of the new group. To reiterate the problem, when he used 
the term “account for,” however, it was unclear whether Waagen mutations were the 
cause of all apparent polyphyly, or whether they might explain only certain cases of it. 
We know from Berg’s definition of species that speciation might and did occur without 
creating radical new morphologies. So sometimes it produces monophyletic groups. But 
did major saltations produce polyphyletic groups? Concerning polyphyly, Berg wrote: 
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A considerable quantity, possibly tens of thousands, of primitive organisms have 
developed on parallel lines, convergently experiencing approximately the same 
transformations and effecting that process at various rates, some more rapidly, others 
more slowly. (Berg 1926, 404) 
 
If those tens of thousands of organisms were related through consanguinity, though, 
traditional taxonomists might be inclined to consider them monophyletic. Seemingly 
polyphyletic groups might indeed be related by common ancestry, but the saltation event 
was so pronounced that an effectively new and distinct group was formed. Given Berg’s 
rather vague and imperfect articulation of hereditary material as laid down in the 
stereochemistry of the albumen, perhaps he considered that a saltation that created novel 
enough characteristics and albumen stereochemistry would break any meaningful sense 
of consanguinity. Clearly Berg was questioning the level of relatedness of groups 
produced through speciation by saltation, but he never fully provided readers with a 
detailed answer to how, exactly, saltations might account for polyphyly.  
 As a final note on polyphyly, I would suggest that, for Berg, it did not much 
matter whether (or how, exactly) Waagen mutation-induced saltations produce seemingly 
polyphyletic groups of species that are related though ancestry. This was a technicality, 
and possibly a triviality for his theory. The important causal factor for Berg was the laws 
of development and evolution that structure the major shifts in morphology that occur as 
a new species forms. What mattered was the way in which that process of variation and 
evolution was constrained by the physical properties of the organism, not whether or not 
the organisms were “consanguineous” in any traditional sense of the term. He wrote:  
heredity itself, according to our interpretation, loses its enigmatic character: since 
development follows certain laws, it is obvious that forms which are the most closely 
  188 
allied in point of chemical structure (constitution), […] are bound to exhibit most 
resemblance in their morphology. (Berg 1926, 404)  
 
Because development followed such strict laws, the exact material or stereochemistry of 
heredity was not particularly relevant for interpreting and explaining the long-term causes 
of evolution. 
 4.11 Berg’s Conclusions 
 Berg’s short concluding chapter retraced the basic argumentative strategy of his 
book. He did not add any bold, sweeping, or comprehensive statements. I will not repeat 
what he said in this short concluding chapter, but one logical representation of his theory 
is worth quoting at length. On nomogenesis, he wrote: 
Organisms have developed from tens of thousands of primary forms, i.e. 
polyphyletically. Subsequent evolution was chiefly convergent (partly divergent), 
based upon laws, affecting a vast number of individuals throughout an extensive 
territory, by leaps, paroxysms, mutations. Hereditary variations are restricted in 
number, and they develop in a determined direction. The struggle for existence and 
natural selection are [sic] not progressive agencies, but being, on the contrary, 
conservative, maintain the standard. Species arising through mutations are sharply 
distinguished from one another. Evolution is in a great measure an unfolding of pre-
existing rudiments. The extinction of organisms is due to inner (autonomic) and 
external (choronomic) causes. (Berg 1926, 406–07) 
 
On Darwinism, by contrast, Berg wrote: 
 
All organisms have developed from one or a few primary forms, i.e. in a mono- or 
oligo-phyletic manner. Subsequent evolution was divergent, based on chance 
variations, to which single and solitary individuals are subject, by means of slow, 
scarcely perceptible, continuous variations. Hereditary variations are numerous, and 
they develop in all directions. The struggle for existence and natural selection are 
[sic] progressive agencies. Species arising through divergence are connected by 
transitions. Evolution implies the formation of new characters. The extinction of 
organisms is due to external causes, the struggle for existence and the survival of the 
fittest. (Berg 1926, 406–07) 
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These descriptions of nomogenesis and neo-Darwinism were consistent with the 
language in the text and provided a way for readers to directly compare these rivaling 
explanations of evolution. Indeed Berg had built up a series of arguments—against 
Darwin, against chance, for phylogenetic acceleration, for laws of development, for 
convergence, and for saltationism—that were adequately represented there. He did not 
add unnecessary adjectives or modifiers to make his theory sound more grand, or more 
comprehensive than Darwin’s, nor did he criticize the contributions of the Sage of Down 
house to evolutionary thinking. 
 4.12 Intellectual Reception of Berg’s Nomogenesis 
Fewer book reviews of Nomogenesis were published in English-language sources than of 
Eimer’s or Cope’s main texts. This is perhaps surprising given that the book was quickly 
translated into English. Despite the lackluster coverage of Nomogenesis, the text was 
discussed in several scientific journals in the late 1920s, and again in the late 1960s after 
the book was republished by MIT Press. These reviews show that the core theory of 
nomogenesis was recognized as an important contribution to evolutionary theory in 
Berg’s time and afterward. The connection between Nomogenesis and Eimer’s and 
Cope’s work was, however, not articulated in these reviews. 
 The first review of Nomogenesis in English came out in the journal Nature and 
was written by Henry Fairfield Osborn, the protégée of Cope. We might expect that 
Osborn would support Berg’s theory of evolution in definite directions because of his 
own adherence to a similar view, but he was rather critical of Berg’s ideas in some 
important respects. Osborn noted the central logic of Berg’s argument against neo-
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Darwinism. While he was sympathetic to Berg’s ideas, Osborn argued that Berg went too 
far with his characterization of evolution as fundamentally ordered. Osborn wrote:  
Although the reviewer is unable to agree with many of the points of view of the 
author and to accept the complete antithesis presented between the Darwinian 
conception and his own, this volume is a thoughtful and in large part, original, 
contribution to the newer, modern aspect of the evolution theory. (1926, 618) 
  
This quotation shows how Osborn thought that theorists must integrate theories of the 
origin of variation with the theory of natural selection in order to fully account for 
evolutionary outcomes. Interestingly, Osborn made no attempt to showcase the similarity 
between Berg’s main ideas and those of other proponents of definitely directed evolution.  
 The review of Nomogenesis by Ernest W. MacBride in The Eugenics Review was 
far more challenging to Berg’s views and clearly came down in support for the neo-
Darwinian approach (MacBride 1927). First, MacBride recognized the difference 
between Darwinian ideas and Berg’s conceptualization of evolution, especially 
concerning the role of developmental causation. MacBride agreed with the logic of 
Berg’s account of the basic features of natural selection as an efficient cause in nature, 
but he disagreed with Berg’s discussion of the limitations to variation. Specifically, he 
was entirely unconvinced by the positive contribution to evolutionary theory put forth by 
Berg. One of the central weaknesses of the theory, according to MacBride, was the notion 
that an entire species could undergo a rapid and major morphological transformation in 
one or several generations.  
 Interestingly, MacBride noted some similarities between Eimer’s and Berg’s 
theories, though the main part of his analysis distinguishes Berg’s as fundamentally 
different in some key respects. He noted Eimer’s reliance on Lamarckism to be 
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fundamentally different from Berg’s focus on development, a rather curious 
interpretation of Eimer’s theory (MacBride 1927). This shows that, at least in this case, 
the reviewer failed to recognize the similarity between Eimer’s and Berg’s main 
approaches.  
 Two reviews of Nomogenesis from the late 1960s shed light on the recognition of 
this book as an important text related to the laws of evolution. Walter Bock reviewed 
Nomogenesis alongside Ernst Haeckel’s Generelle Morphologie, pointing out that Berg 
was much less well known than Haeckel, yet they both were focused on explaining the 
same evolutionary phenomena. “The result [for Berg] of evolutionary mechanisms is a 
pattern of extreme order” (Bock 1969, 685). This led Bock to rearticulate Berg’s theory 
as supporting “a set of scientific laws in the classical sense” (1969, 685). While 
presenting these theories as problematic, Bock saw them nevertheless as important 
characterizations of an as yet unsolved problem in evolutionary theory—the impact of the 
production of variation on evolutionary outcomes. Lucille St. Hoyme’s review similarly 
considered the centrality of laws and the importance of solving “the crucial question of 
how variation arose” (St. Hoyme 1969, 652). 
 What we see in these reviews of Nomogenesis is a full recognition of the central 
theoretical principles and objectives of the text, as described and analyzed earlier in this 
chapter. The question of the sufficiency of natural selection, the importance of the 
question of variation, and Berg’s use of laws all figured heavily in the reception of the 
text as represented by these reviews. The later reviews, even those from the historical 
perspective of the post-synthesis framework, appreciated the importance of the question 
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of the production of variation on evolutionary causation. That said, there was also a clear 
sense in which the reviewers did not link the approach outlined by Berg as a direct 
contribution to the project outlined by Eimer, Cope, and other proponents of evolutionary 
directionality before him.  
 4.13 Conclusion 
 This chapter discussed the basic argumentative strategies and ideas in Berg’s 
Nomogenesis. It followed the basic progression of Berg’s theory as described in the book 
in an attempt to accurately convey Berg’s position. This analysis shows that Berg’s book 
was a concerted and synthetic theory of evolution in definite directions. Concerning the 
first thesis of this dissertation, Berg’s theory of nomogenesis represented the most 
concerted and hardline theory of definitely directed evolution. On Berg’s view, the laws 
of growth and evolution severely restrict the possible directions of evolution. Berg 
outlined this as a fundamental property of the structure of organic matter. The main forms 
of evidence provided for this were the prevalence of parallel and convergent evolution 
across many organic groups. Particularly strong forms of evidence stemmed from similar 
features that had evolved in widely divergent groups. These facts showed, Berg argued, 
that the production of new variation was deeply constrained in a few possible directions. 
 At the center of Berg’s theory of definitely directed evolution was the cause of 
variation. Berg initiated his theoretical argument for the centrality of variation with his 
discussion of phylogenetic acceleration—his theory that novel and advanced characters 
appeared in juvenile stages before becoming permanent features in the adult organism. 
This idea was advanced by Berg’s discussion of the inherent and deep connection 
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between ontogenetic and phylogenetic changes in nature. Much like Eimer, Berg also 
considered the processes of growth in ontogeny and phylogeny to be operating according 
to laws that fundamentally connected these processes together. He thought that ontogeny 
anticipated phylogeny, and did not just repeat it.  
 These structural limitations certainly inhibited the role of adaptation in Berg’s 
theory. Evolution could not proceed in any direction, but only in a very few. Even so, 
Berg’s theory of evolution included adaptation to local conditions and environments as an 
inherent property of organic material. In the first chapter of Nomogenesis, Berg argued 
that the response of organisms to the conditions of life was not a feature to be explained 
by other phenomena, like natural selection. Instead, purposiveness or fitness was a 
fundamental property of organisms. While he did not discuss this purposiveness in 
relation to heredity, he clearly upheld a theory that explained the adaptation of the 
organism to the environment. 
 The penultimate section of this dissertation chapter discussed the reception of 
Berg’s Nomogenesis through an analysis of four major English-language book reviews. 
While reviewers fully recognized the importance of Berg’s use of laws and his central 
epistemic motivation of explaining the importance of developmental causation for 
understanding constraints to evolutionary outcomes, they did not connect his work 
directly with the projects advanced by Eimer and Cope.  
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5. CONCLUSION 
 5.1 Overview 
 This dissertation explores theories of evolution in definite directions between 
1880 and 1930. The previous three chapters carefully analyzed major texts by Theodor 
Eimer, Edward Drinker Cope, and Leo Berg. These authors developed concepts and 
theories to account for why and how evolution proceeded in definite directions, as other 
evolutionists have done before and since their work. Because historians have not closely 
investigated these theories of evolution between 1890 and 1930, nor are there detailed 
discussions of Eimer’s, Cope’s, or Berg’s theories, this project has a relatively 
straightforward goal, organized around one central question: What are the shared 
conceptual features and epistemic objectives of theories of definitely directed evolution 
from 1880 to 1930? Answering this question requires an in-depth textual exegesis of 
major books and a discussion of the central features in each theory. After recapitulating 
the main components of each theory, a comparison of these theories forms the conceptual 
core of this concluding chapter. I argue here that the shared conceptual features and 
epistemic objectives of these theories form a coherent causal approach to explaining 
evolutionary trajectories. This approach, which I call “Definitely Directed Evolution” 
(DDE), is fully explored in this final concluding chapter. I discuss the value of DDE as an 
interpretive framework for categorizing theories of evolution in the late nineteenth and 
early twentieth centuries and consider the significance and historiographical value of this 
dissertation project. Before discussing the shared conceptual features in detail, I furnish a 
short recap of the three central chapters. 
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 In chapter 2, I discuss the book Organic Evolution, by Eimer. First I show how he 
contextualized his own theory with respect to the ideas advanced by August Weismann 
and Carl Nägeli. Eimer found both of these theories wanting, especially Weismann’s 
insistence that Darwin’s theory of natural selection was sufficient to account for 
evolution in definite directions. That chapter also discusses the basic features of Eimer’s 
argument, specifically the idea that development or growth functionally limits the 
possible outcomes of new variation, and hence the outcomes of evolution. Chapter 2 
identifies the sophisticated way that Eimer distinguished between the cause of new 
species formation and the laws that govern their formation. Genepistasis was law-
governed but instigated by particular causes, such as direct physical changes to the 
organism from the environment. Fundamentally, Eimer saw adaptation to changing 
conditions to be the primary cause of new variation, and the developing organism 
constrained the possible outcomes of evolution in definite directions.  
 The third chapter of this dissertation addresses two early papers by Cope, as well 
as his book Primary Factors. In the papers can be found his original formulation of the 
law of acceleration and retardation, which inextricably linked ontogeny and phylogeny in 
producing definite directions in the origin of genera. Furthermore, he argued that a 
“growth force” was needed to account for the first cause of cell division and 
differentiation. These central ideas of evolutionary directionality, the centrality of 
variation, and the energy of evolution came together within one overarching explanation 
of evolution in Primary Factors. Cope focused on the phenomenon of variation, which 
was the fundamental source of directionality in evolution. For Cope, the speed of 
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development in the organism constrained and directed both the origin of new variation 
and, consequently, evolution. With the phenomenon of variation fully described, Cope 
went on to discuss the cause and inheritance of that variation. As I discuss in detail, 
Cope’s energy theory of evolution provided a fascinating and complex theoretical 
connection between the organism interacting in its environment and the system by which 
organisms inherit material and energy from their parents. Cope’s theory was sophisticated 
because it was, in effect, a dual system of heredity, where parents pass along the chemical 
material of heredity as well as the bathmic energy, the efficient cause of development and 
evolution.  
 The final case study focuses on Berg’s Nomogenesis. Of the three books 
described in this dissertation, I show that Berg advocated a form of Definitely Directed 
Evolution that emphasized directionality in evolution as the dominant pattern of change 
over time. Unlike Eimer and Cope, he held almost no role for adaptation to the 
environment, favoring a theoretical system that was inherently constrained and directed. 
Berg started with a philosophical attack on the sufficiency and coherence of natural 
selection as a full explanation of evolutionary causation, based on the presumption that 
selection requires random variation. Having established the insufficiency of natural 
selection as an explanation of evolution, he proffered an alternative, phylogenetic 
acceleration, in which new characters appear in juvenile, developing organisms first and 
then disappear in adult stages. For him, this ontological explanation held the key to the 
law-like and deeply constrained outcomes of evolution. Berg’s commitment to 
structuralism constraining organismal growth was so strong that he viewed evolution to 
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be a predominantly convergent process. New types of organisms became more similar 
over time, constrained by the basic laws that govern organismal form. 
 5.2 Shared Conceptual Features 
 This dissertation demonstrates several important points concerning the shared 
conceptual features of these three theories, forming the core of the DDE approach. First, 
the most fundamental shared feature across these texts is the central idea that evolution 
proceeds in definite directions due to limitations on the production of variation in 
developing organisms. Second, these authors rooted their conceptions of nature in 
empirical phenomena of long-term trajectories. As such, these studies focused on the 
broad history of evolutionary outcomes, as opposed to emphasizing evolution on the 
small scale, or what would be called “microevolution” (Gates 1911). Third, these authors 
each brought together evidence and theories from multiple fields of biology to make one 
coherent theory. While Eimer was primarily concerned with zoological evidence from 
extant organisms, Cope drew on extensive knowledge of paleontology, and Berg utilized 
biogeography and taxonomy as the empirical backbone of his theories, each of these 
theorists utilized extensive evidence from other branches of the biological sciences to 
bear on his respective theory of evolution in definite directions. Fourth, they all utilized 
“laws” of evolution in their descriptions of evolutionary phenomena. Fifth, they were all 
deeply concerned with explaining the origin and maintenance of evolutionary innovation. 
Finally, although these three authors emphasized other causes of evolution, they all held 
natural selection as one component of a multi-causal theory of evolution. Taken as a 
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whole, these six features form a coherent approach to explaining the causal theory of 
DDE. 
  5.2.1 Limitations to Variation 
 The most fundamental similarity across these men’s theories is that they required 
the cause of new morphological variation to be the central theoretical component of any 
complete theory of evolutionary causation. Eimer, Cope, and Berg all argued that 
variation was not multifarious; the production of new forms was extensively limited, and 
consequently so was evolution. Limitations to the production of variation in developing 
organisms, and the directionality of evolution, they argued, were conclusive evidence that 
natural selection could not be solely responsible for evolutionary causation. These three 
theorists all focused closely on one important factor, the influence of developmental 
causation on evolutionary outcomes as the primary or efficient cause of evolution. All 
three authors held the production of new variation originating in the development of the 
organism to be the source of evolutionary change. Eimer and Cope were particularly 
concerned with articulating the influence of environmental factors as one of the causes of 
new developmental trajectories. Cope’s theory of kinetogenesis revealed his deep 
concern with the production of variation based on an organism’s action or inaction. 
Berg’s theory of evolution centered on his notion of phylogenetic acceleration, which 
described the deep connection between ontogenetic and phylogenetic changes based on 
laws of organic form. 
 Eimer, Cope, and Berg all went to great lengths in their books to describe the 
phenomenon of evolutionary directionality. The bulk of these texts show a commitment 
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to describing evolutionary directionality across a wide range of organismal forms. For 
example, Cope’s Primary Factors emphasizes the “nature of variation” as the empirical 
foundation for his theory. Variation, he sought to demonstrate, cannot proceed in any 
possible direction; it is limited by the process through which it originates. He 
accomplished this by providing extensive evidence from paleontology, thereby 
demonstrating the fundamental constraints and directionality inherent in evolutionary 
phenomena. The previous chapters detail the ways in in which Eimer and Berg also 
provided empirical evidence for evolution’s directionality. 
  5.2.2 Long-Term Trajectories 
 The three case studies presented here show that Eimer, Cope, and Berg were all 
explicitly concerned with long-term patterns in the history of life on Earth. In an age 
where increasing numbers of biologists were focusing on experimental work, or writing 
treatises focused on one or several species, these proponents of evolution in definite 
directions developed theories to account for the entire history of evolution.  
 By focusing on the long-term or broad phenomena of evolution, Eimer, Cope, and 
Berg were fundamentally interested in identifying and exploring causes to explain the 
general trends in evolution. In 1911, discussing Hugo DeVries’ book The Mutation 
Theory, Reginald Gates coined the term “micro-evolution” to denote the process by 
which new forms originate in nature. His central point was that it was unclear that 
DeVries’ theory of mutation could account for long trends in evolution. He wrote: 
“granting the facts of mutation, we have only accounted for the larger tendencies that can 
be accounted for by micro-evolution, and it still has to be shown that the larger 
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tendencies can be accounted for by the same means, without the intervention of other 
factors” (Gates 1911, 256). The extent to which the micro-evolutionary phenomena could 
account for larger tendencies in evolution was a problem that Charles Darwin grappled 
with, as have evolutionists ever since. This question of whether microevolution can 
account for long-term phenomena is one of the central questions and contested theoretical 
considerations in Stephen Jay Gould’s The Structure of Evolutionary Theory (2002). This 
was what Gould called the “scope” of explanation: could natural selection account for the 
“grand patterns by accumulation through geological immensity” (2002, 21)? Without 
going into detail about the microevolution-macroevolution debate in recent terms, for the 
purposes of this analysis it is sufficient to recognize the scope of Eimer’s, Cope’s, and 
Berg’s approaches clear attempts to explain long-term patterns in the evolution of life on 
Earth.  
  5.2.3 Inclusiveness and Empirical Evidence 
 Another common feature across the work of Eimer, Cope, and Berg was that they 
sought to synthesize knowledge from a wide range of empirical studies and fields of the 
biological sciences. While each of these investigators had his principal specialty, as 
discussed, they all considered multiple forms of evidence and integrated theories and 
proposed causes from a variety of perspectives. The most obvious aspect of this inclusive 
approach was the integration of causes from development into their theories of evolution. 
In different ways, however, each author emphasized working across approaches in 
pursuit of an integrative and all-encompassing theory of evolution. Cope’s work, for 
example, relied heavily on August Weismann’s theory of heredity, neo-Lamarckian 
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ideas, developmental causation, and even theories of mind. The consequence of these 
efforts by Eimer, Cope, and Berg was a common methodological approach in developing 
their inclusive theories of evolution.  
  5.2.4 Laws of Evolution 
 These three theories relied, to greater or lesser degrees, on laws of evolution. 
Certainly Berg’s theory was most committed to the broad applicability of his laws as the 
prevalent feature of evolution. Eimer and Cope too developed laws of organic growth, or 
acceleration and retardation, that necessitated the integration of developmental and 
evolutionary phenomena. Growth, they argued, was the same phenomenon in ontogeny 
and phylogeny. As such, even though Eimer, Cope, and Berg used the term “laws” 
slightly differently, laws represent an important conceptual feature of these theories that 
related developmental and evolutionary phenomena.  
 Eimer, Cope, and Berg also distinguished between the “laws” of evolution and 
“causes”—causes of new variation in development and causes of evolution. While these 
authors did not explicitly discuss this distinction, Eimer’s and Cope’s theories exemplify 
this conception of laws as distinct from causes. Genepistasis, according to Eimer, 
proceeds according to laws (e.g. the law of male preponderance). The cause of 
genepistasis, he argued, stemmed from factors like the direct influence of external 
conditions influencing an organism’s ontogenetic development. Cope fundamentally 
structured Primary Factors around this distinction between laws and causes, though 
again this was implicit. In part 1, he discussed the “phenomenon of variation.” It was in 
this section that he concerned himself with the laws of acceleration and retardation. It 
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was only in part 2 of Primary Factors that he dealt with the causes of variation, which he 
described as physiogenesis and kinetogenesis. Here he advanced his energy theory of 
evolution, which explicitly accounted for the efficient cause of evolution. Similarly, 
while Berg devoted the bulk of Nomogenesis to the laws of evolution, he established 
early on the autonomic and choronomic causes of evolution. Taken as a whole, these 
authors developed theories that were implicitly concerned with the distinction between 
laws and causes of developmental and evolutionary phenomena. 
  5.2.5 The Origin and Maintenance of Variation 
 Another shared feature of these theories was a focus on explaining the origin and 
maintenance of evolutionary innovation. Filling hundreds of pages of each of these 
books, Eimer, Cope, and Berg described the major evolutionary innovations that 
organisms acquired throughout the history of life on Earth. All three men sought to 
explain major morphological novelties as a consequence of changes to the developmental 
process. Cope discussed major innovations of evolution in the vertebrates, but his theory 
of physiogenesis and kinetogenesis went far beyond simply describing the origin of these 
novelties. His theories accounted for the maintenance of new features in an organism for 
multiple generations. Beyond this, his energies of evolution and his conception of 
Weismann’s germ plasm articulated a clear cause to account for the persistent 
development of new traits in subsequent generations. Eimer and Berg similarly focused 
on explaining evolutionary innovation, though their conceptions of organic matter 
emphasized inherent laws of growth and development as the dominant explanation for the 
maintenance of these new features.  
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 Concerning the origin of variation, each of these authors developed specific 
causes for the original source of new organismal features. Eimer’s theory emphasized the 
role of the environment as the primary cause of modifications (and hence variation) in the 
developing organism. Cope’s theories of physiogenesis and kinetogenesis systematized 
the various primary causes of new variants. And Berg’s theory of phylogenetic 
acceleration shows his attention to the timing of development and the consequence of 
modifications at specific stages of the developmental process. As such, the origin of new 
forms featured heavily in these theories of evolution in definite directions.  
 Similarly, Eimer, Cope, and Berg all developed concrete theories to account for 
the maintenance of variation once it had originated in developing organisms. While an 
underdeveloped aspect of his theory, Eimer’s theory of “constitutional impregnation” 
provided a broad conceptualization of how variations would become hereditary over 
time. Cope’s theory was far more sophisticated toward this end. His dual theory of 
inheritance—energies and germ plasm—provided a framework in which novel variations 
became inherited through both the chemical hereditary elements and the energies that 
produced them in the first place. Berg’s emphasis on the structural limitations to 
organismal form created a system whereby the origin of variation would almost always 
be maintained. As such, while he did not develop a separate theory describing exactly 
how variation is maintained, he advocated a structure-focused system, as opposed to one 
emphasizing function, that fully accounted for the maintenance of variation over time.  
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5.2.6 Natural Selection 
 All three authors argued that natural selection was a real phenomenon, and they 
all upheld a small role for this cause of evolutionary change. They did not uphold the idea 
that natural selection played a creative role in evolution, but, nevertheless, it was an 
important component of their overarching framework of evolutionary causation. This fact 
is frequently overlooked, and the book reviews discussed in each chapter suggest why. 
Eimer’s, Cope’s, and Berg’s theories were all interpreted as attacks on neo-Darwinism. In 
Eimer’s case especially, his confrontation with Weismann’s theory left the impression 
that his theory of evolution in definite directions and the inheritance of acquired 
characters leave no room for the operation of natural selection. All three authors 
considered selection to be a process that eliminates certain individuals from the 
population but cannot independently account for the origin, maintenance, or limitations to 
variation. Because all three books heavily focused on articulating the causal relationship 
between the production of new variation in the developing organism and evolutionary 
outcomes, their commitment to a limited role for natural selection was overlooked. 
 5.3 Interpretive Framework 
 Taken as a whole, the six shared conceptual features and epistemic objectives of 
these scientists’ theories display a coherent and useful theory of DDE. DDE provides an 
interpretive framework to further scrutinize the similarities and differences between these 
theories and the work of other evolutionists. These shared features provide a coherent set 
of ideas that are useful to assess the similarities and differences of other theories of 
evolution in definite directions throughout the history of evolutionary thought. As I 
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describe below, the description of these ideas as a coherent set—as “Definitely Directed 
Evolution”—is not intended to establish necessary or sufficient conditions to determine 
whether or not any individual theorist was a proponent of DDE. Even within these shared 
features, there were different emphases among the theories outlined in Organic 
Evolution, Primary Factors, and Nomogenesis. And it is certainly not the case that 
theorists advocating only one or several of these features would fit into this broader 
approach to conceptualizing evolutionary directionality. Rather, the value gained from 
understanding these theories and these shared conceptual features stems from 
ascertaining a better understanding of certain theories of evolutionary directionality from 
1890 to 1930.  
 These features offer a starting point for further investigations of these and other 
theories of evolution because they show that DDE is a coherent object of study. The 
shared conceptual similarities of the DDE approach show that the features that unify 
these theories are significant. The shared insistence that the limitations to variation impart 
directionality on evolution is alone noteworthy. Combined with the other shared 
epistemic objectives, this dissertation shows that DDE is a useful target for analytical 
work on other proponents of evolution in definite directions and/or the influence of 
limited variation on evolutionary outcomes. As such, historians and philosophers of 
evolutionary theory can utilize these shared features as a lens through which to further 
clarify the nature of debates over evolutionary theory in the decades surrounding the turn 
of the twentieth century.  
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5.4 Conceptual Differences 
 Table 3 provides a short summary of the theories in question and their basic 
positions concerning important features of evolutionary theory, thereby allowing 
historians to easily recognize the conceptual differences between these theories of DDE. 
With its description of the core similarities, this table offers more nuanced and different 
categories for interpreting these theories. It also offers another perspective for 
interpreting the differences among these theories.  
 In proposing the term “Definitely Directed Evolution,” however, I do not mean to 
suggest that these theories were all the same; clearly, they were not. The previous 
chapters have detailed several ways in which the theories were independent from one 
another. Put another way, there is variation within theories of DDE. The argumentative 
strategies, emphasis on specific laws and causes, and form of preferred evidence show 
significant variation. While the similarities make DDE a coherent object of study, the 
variation within theories is also interesting and worth considering. 
 Table 3 shows several important ways that these conceptions of evolution 
differed. For example, Eimer and Cope were concerned with explaining evolutionary 
adaptation, while Berg eschewed the notion that organisms were suited to their 
environmental conditions. Berg’s insistence that structure dominated evolutionary 
phenomena set him apart from many evolutionists who supported theories based on 
change as the consequence of the organism functioning in its environment. Furthermore, 
Berg’s theory of polyphyletic origins was also unusual, and certainly sets his work apart 
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from Eimer’s and Cope’s. It is noteworthy that his conception of constraint and 
directionality was so pervasive that even under the notion of polyphyletic origins, 
Table 3: Comparison of central components in Eimer’s, Cope’s, and Berg’s theories in 
Organic Evolution, Primary Factors, and Nomogenesis. 
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Concept Eimer Cope Berg 
Cause of 
constraints 
Developmental process 
definitely directed 
Phenomenon of variation 
inherently limited by 
development 
Deep structure in 
morphology and limitations 
in ontogeny 
First cause of 
new variation 
External conditions, causes Energies of evolution Internal, autonomic causes 
First cause of 
evolutionary 
change 
Change in an organism’s 
environment 
Change in an organism’s 
behavior 
Saltational change of 
hereditary elements internal 
to the organism 
Development 
in evolution 
Central: law of growth Central: law of acceleration 
and retardation 
Central: phylogenetic 
acceleration 
Use of laws Moderate role in explaining 
constraint 
Central to constraint and 
explanation of the 
phenomenon of variation 
Central to his argument and 
explains constraint 
Adaptation Result of the inheritance of 
acquired characters 
Result of the inheritance of 
acquired characters 
Minimal role in evolution 
and is the result of inherent 
purposiveness in organisms  
Natural 
selection 
Minimal operation Minimal operation Explanatorily superfluous; 
occasionally eliminates 
morphological outliers 
Phyletic origins Monophyletic Monophyletic Polyphyletic (tens of 
thousands) 
Mode of 
speciation 
Genepistasis None described Saltational change 
Mode of 
inheritance 
Vague: inheritance of 
acquired characters via 
constitutional impregnation 
Explicit: integration of 
Weismann’s germ plasm 
with inheritance of 
acquired characters through 
energies of evolution 
Vague 
Primary 
Evidence 
Zoological Paleontology Biogeography and 
Taxonomy 
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he saw evolution as fundamentally convergent. These features suggest important ways in 
which proponents of DDE maintained a diversity of causal and interpretive perspectives 
despite sharing the six conceptual features discussed above. 
 The basic argumentative features of these theories differed as well, especially 
concerning the roles of natural selection and inheritance in their conception of evolution. 
Eimer was thoroughly absorbed in comparing his theory with August Weismann’s, a 
tactic that he never gave up on in later years (Eimer 1898). Cope, conversely, was much 
more committed to integrating natural selection and Weismann’s views on inheritance 
into his views of evolution, in stark opposition to Eimer and Berg. Neither Eimer nor 
Berg discussed the mechanism of inheritance extensively in their books, and so the 
integration of Weismann’s germ plasm theory and energies of evolution in Cope’s theory 
is distinct in this respect. 
 A further difference among these theories concerns the first cause of new 
variation, a topic that Eimer, Cope, and Berg were all dedicated to incorporating into 
their conceptualization of evolution. For Eimer, the primary cause of new variation was 
an organism’s external environment. Changes in food, light, heat, etc. primarily caused 
changes in the developing organism. While Cope’s theory of physiogenesis articulated a 
similar basic cause, his theory of the energies of development, and hence evolution, 
established a different and more nuanced ontology for the proposed mechanism behind 
the primary cause of variation. Berg was less concrete in his theory of the primary cause, 
but he nevertheless articulated the primary cause of variation as the consequence of 
internal, autonomic causes. These changes to the structure of the hereditary material 
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within the organism cause, typically, a major or saltational change in the organism’s form 
over several generations. 
 One of the final noteworthy differences between these theories of DDE is the 
particular mode of speciation. While Cope does not specifically discuss the mode of 
speciation, both Eimer and Cope devoted some space to this issue. Berg advocated 
speciation as a consequence of rapid bursts of major morphological change. The exact 
method by which an entire group transforms simultaneously was not discussed, but his 
theory of autonomic variation extended to the origin of new species. Eimer advanced his 
theory of genepistasis, whereby new species originates when the evolutionary change 
within a subgroup of a species stops. The subgroup becomes distinct from the rest of the 
species over time, gradually forming into a new species. These differences in the mode of 
speciation further showcase the important ways in which Eimer’s, Cope’s, and Berg’s 
theories were distinct.  
 5.5 Intellectual Reception and Book Reviews 
 This dissertation also explored the reception of Organic Evolution, Primary 
Factors, and Nomogenesis, by examining reviews of these books, many of which were 
positive. Numerous book reviews in various journals, magazines, periodicals, and 
newspapers show the extent to which these books were deemed significant advances in 
evolutionary theorizing, including: Nature, Popular Science Monthly, Science, The 
Academy, The American Antiquarian and Oriental Journal, the Athenaeum, The 
Cambridge Review, The Dial, The Edinburgh Review, The Eugenics Review, The 
Manchester Guardian, The Monist, The New York Times, The Philosophical Review, The 
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Psychological Review, The Sanitarian, and The Speaker: Liberal Review. Taken as a 
whole, this set of reviews showcases the extent to which evolution in definite directions 
was a topic of interest to evolutionists and biologists at this time generally.  
 Several general points regarding the intellectual reception of the book reviews are 
worth considering now that the central epistemic goals and shared conceptual features of 
DDE are clearly outlined. In three key respects, these book reviews detailed the core 
explanatory objective and central point of Organic Evolution, Primary Factors, and 
Nomogenesis. First, all of the reviews discussed the importance of evolution in definite 
directions as a phenomenon that required explanation in a complete, causal theory of 
evolution. Second, they articulated the centrality of the production of variation as the core 
theoretical innovation in Eimer’s, Cope’s, and Berg’s attempts to explain definitely 
directed evolution. Third, reviewers highlighted the conflict between these theories and 
neo-Darwinian theories of evolutionary causation.  
 While the book reviews clearly articulated the central project of evolution in 
definite directions due to limitations on variation caused by ontogeny, they omitted 
several important shared features addressed in this dissertation. To be clear, this is 
perhaps not surprising, since the short book reviews did not have the same objective as 
this analysis.  
 First, the reviewers did not draw too many connections between the work of 
Eimer, Cope, Berg and other proponents of definitely directed evolution. These 
descriptions instead discussed these texts as relatively independent innovations. Second, 
reviews did not discuss the ways in which these theories synthesized evidence and 
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concepts from various approaches and fields in biology. Third, the reviews did not 
identify the origin and maintenance of variation as one of the central organizing 
principles of these texts. While they did discuss the role of variation, these reviews did 
not discuss the explanation of innovation and it’s persistence across variation as a central 
aspect of these theories. Fourth, these reviews did not address the ways in which Eimer, 
Cope, and Berg maintained a role for natural selection in their causal account of 
evolution. Instead, these reviews pitted these theories of directed evolution as directly 
antagonistic to neo-Darwinism. While this perspective is perhaps understandable, given 
the antagonistic language used in these texts against proponents of neo-Darwinism. 
Comparing these reviews with my analysis allows historians to recognize that the 
shared conceptual features articulated in my analysis and description of DDE constitutes 
a novel interpretation of these theories. While some of these core features were present in 
the reviews, the full extent of the shared features between these and other similar theories 
were not thoroughly appreciated in the late nineteenth and early twentieth century.  
 5.6 The Value of the Dissertation Project 
 With the recapitulation of the dissertation and the central shared features of DDE 
in mind, I now turn to the value of the project generally, specifically the historical and 
then the historiographical value of the project. Broadly, descriptive aspects of this project 
facilitates the analysis of the shared features across these theories, and hence DDE as a 
set of approaches, epistemic objectives, and theoretical features. This analysis provides 
an argument for a meaningful approach to thinking about theories of evolution in definite 
directions more generally. Certainly the extent to which this DDE approach, as described 
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here, is consistent with the objectives and concepts developed by other proponents of 
directed evolution remains an open question. 
 This analysis provides a clear case for theories of evolution in definite directions 
as having meaningful conceptual coherence in the decades around the turn of the century. 
This perspective facilitates a more nuanced interpretation of the set of theories that 
challenged the more familiar theories advocated by proponents of neo-Darwinism. 
Furthermore, this dissertation provides the most complete analysis to date of the 
individual texts by Eimer, Cope, and Berg. While these theorists’ work has received 
limited consideration in certain instances, this project provides a clear explication of their 
theories. These features contribute to the wider historiography of evolutionary theory.  
 My analysis reveals an important feature of these theories of DDE: that they were 
a product of multiple intellectual, evidentiary and disciplinary contexts. Building on my 
discussion of these theories as attempts to synthesize various causes into one theory, my 
analysis shows that proponents of DDE came from a range of disciplinary backgrounds. 
Eimer was primarily a zoologist, trained in histology and taxonomy. Cope was a 
paleontologist, who sought to deploy evidence from the fossil record to clarify 
evolutionary causation. Berg was a biogeographer and taxonomist, primarily interested in 
using knowledge from geographical studies to better understand the cause of variation 
and evolution. All three sought to incorporate these different forms of evidence toward 
the shared goal of understanding the production and influence of new variation on 
evolutionary outcomes and causation. Furthermore, these authors came from different 
linguistic and local scientific settings: Eimer from Tübingen, Cope from Philadelphia, 
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and Berg from St. Petersburg. This shows that the shared theoretical features and 
epistemic objectives of DDE between 1880 and 1930 stemmed from a variety of 
disciplinary, evidentiary, national, and theoretical contexts. 
 The broadly descriptive value of the project should provide historians from this 
point forward with a clear description of the major features of these theories, thereby 
facilitating further work on this area of evolutionary theory’s history. This project also 
provides several interesting points related to the current historiography of evolutionary 
theory.  
 As a wide range of research has shown (Gould 1977, 2002 Richards 1992), and 
Laubichler and Maienschein (2007a, 3) have argued explicitly, “There was a crucial 
conceptual and epistemological break associated with the establishment of several 
independent and self-sustaining experimental research programs devoted to specific 
aspects of evolution, development, and inheritance at the turn of the twentieth century.” 
Phenomena that had been conceptualized within the epistemic framework of generation 
became fractured into separate research projects and, ultimately, disciplines. This 
specialization and isolation of the phenomena of generation into distinct research 
programs resulted in the splintering of a relatively coherent and cohesive conceptual 
landscape into increasingly theoretically and phenomenologically isolated projects in the 
decades surrounding the turn of the twentieth century. 
 It was in the context of the disintegration of generation theories that Eimer, Cope, 
and Berg toiled. At the core of their theories was a heightened sense that the production 
of new variation was central to a complete causal theory of evolution, as I have shown. 
  215 
Interestingly, though, these authors developed theories that explicitly took 
developmental, hereditary, and evolutionary phenomena to be separate factors within a 
unified and integrated framework. At the core of this framework was a set of laws that 
govern the processes inexorably linking development and evolution. In this capacity, 
these authors were beholden to mid-century generation theories of the unity of biology 
(See Hodge 1989). But they were also responding directly to the increased pressure that 
the separation of these epistemic divisions created. Cope and Eimer, for example, 
explicitly pushed back at the notion that the material of heredity was fundamentally 
isolated from the influences of the environment on the organism. They argued that 
Weismann’s separation could not facilitate an adequate explanation of why new 
variations arose or how these variations were maintained. Yet these phenomena were not 
simply assumed to be linked; Eimer, Cope, and Berg endeavored to articulate the basic 
conceptual and ontological architecture necessary to maintain a coherent connection 
between the production of new variation in development and the directionality of 
evolutionary outcomes. They sought to bring together perspectives within an inclusive 
theory of evolution, development, and inheritance at a time where new areas of inquiry 
and evidence were shifting a conceptual topology that was becoming increasingly 
resistant to integration. 
 Consequently, it is not just the case that these investigators were clinging to an 
old view of generation (à la Lamarck). They were doing meaningful and insightful work 
in light of this new evidence with the laudable goal of explaining definitely directed 
evolution through an integration of developmental and evolutionary concepts and 
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phenomena. Some historians may view their theories as wrong-headed because they did 
not (1) embrace the separation of the germ plasm from the soma or (2) hail Darwin as a 
hero, and especially since (3) they were not deeply committed the rise of experimental 
science. Still, we should remember that these theorists got a lot “right” from the 
perspective of modern science. The trends in evolution showing that morphological 
evolutionary phenomena generally proceed along certain, limited trajectories because of 
life-history and constraints on variation (Maynard Smith et al. 1985). The origin and 
maintenance of variation are foundational for the possible outcomes of evolution (Hall 
1992). But perhaps most importantly, these scientists argued that organismal biology, 
paleontology, biogeography, and taxonomy inform biologists about the role of variation 
in evolutionary causation. Present-day Evo Devo supports Eimer, Cope, and Berg on 
these central issues. 
 The introduction of this dissertation considered some broad historiographical 
points that are worth discussing in more detail here. While this project did not focus on 
the historiographical implications of the case studies individually, the significance of this 
project is worth discussing. Throughout the past 40 years or more, historians of 
evolutionary theory have been mindful of the important role that questions about the 
causation of variation have played in evolutionary theorizing. Probably the best example 
of this is Stephen Jay Gould’s Ontogeny and Phylogeny (1977), a historically 
contextualized call to arms for both paleobiology (Sepkoski and Ruse 2009; Sepkoski 
2012) and what would become Evo Devo (Laubichler and Maienschein 2007b). The 
history of genetics and Evo Devo bears out the importance of understanding variation in 
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development (Hall 1992), transmission genetics (Olby 1996), and population genetics 
(Provine 1971). What these histories have not considered directly, however, is the role of 
theories of evolutionary directionality in the wider history of evolutionary theory. 
 The episodic narrative of evolutionary theory tends to go as follows: theories 
before Darwin (up to 1859), Darwin’s thesis (1859–1880), post-Darwinian alternatives 
(1880–1930), the Modern Evolutionary Synthesis (1920–1950), and post-Synthesis 
challenges or extensions (1970s through to today).35 My analysis of DDE fits into the 
“post-Darwinian alternatives” historiographical space. The conceptual coherence, 
extensive empirical evidence for evolutionary directionality, and legitimacy—based on 
what was known at the time—of the theoretical frameworks presented by Eimer, Cope, 
and Berg suggest that these theories were more than simply alternatives to neo-
Darwinism. These scientists developed nuanced and coherent evolutionary theories that 
synthesized ideas from a range of theoretical frameworks and multiple forms of 
complementary empirical evidence. Considering these theories solely as “alternatives to 
Darwin” undermines the legitimacy of their project and evidentiary basis. Consequently, 
analyzing these theories even without specifically trying to confirm or refine the standard 
narrative is a worthwhile project. 
 Given these considerations, and the conceptual coherence of DDE, I contend that 
this dissertation shows the potential value of a focused history of theories of evolutionary 
directionality over the past two centuries. Rather than simply noting that the central 
                                                
35 This is a general interpretation of the history as synthesized from various sources, 
including: Kellogg (1907), Huxley (1942), Mayr and Provine (1980), Mayr (1982), 
Bowler (1984), and Gould (2002). 
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epistemological objectives and conceptual structures of DDE bear a resemblance to 
theories of Lamarck (before them) and Evo Devo (after them)—which they do—I argue 
that this project shows the potential significance of a broad history of evolutionary 
directionality. That project, a history of DDE from Lamarck to the present, would 
certainly complement the historiography of evolutionary theory that exists today. It 
would flesh out basic facts: important figures in the history of causal explanations of 
evolution have sought to explain the phenomenon of evolutionary directionality. This 
history, with my analysis of DDE at its core, would complement the excellent work done 
on Lamarck (Hodge 1971, 2008), Darwin (Desmond and Moore 1994), Haeckel 
(Richards 2008), and Evo Devo (Laubichler and Maienschein 2007b). It would 
supplement the general narrative of evolutionary theory that, perhaps rightly, has 
generally focused on the importance of Darwin and the theory of natural selection.  
 5.8 Further Considerations and Future Questions 
 The conclusions from this dissertation, especially the focus of DDE on the cause 
of variation, lead to several important and related questions. If these core phenomena of 
evolutionary directionality were based on legitimate empirical evidence, why did their 
project fail? The answer might be surprisingly simple, though only a detailed study that 
extends far beyond the scope of this dissertation would provide full and careful analysis. 
But I will use these final few pages to present my hypothesis for this future research.  
 First, as has been well documented, generation theory split into relatively isolated 
research proto-disciplines with very specific goals. The focus of developmental 
phenomena became a question of the causal determinants of growth and differentiation in 
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the developing organism. This required painstaking work on isolating and identifying the 
complex physiological and physiochemical pathways that produce differentiated tissues. 
The study of inheritance similarly became a formidable discipline by focusing on 
molecular genetics and cellular mechanics. Mainstream evolution took on the mantle of 
evolutionary genetics in the 1930s, after the debate between Mendelians and 
biometricians settled down (Provine 1971). The hugely influential theoretical work done 
by Fisher (1930), Haldane ([1932] 1990), and Wright (1932) became the core of 
evolutionary biology in the mid-century, and the integration of various disciplines with 
this reified and mathematized neo-Darwinism turned evolution into a fully fledged 
discipline (Smocovitis 1996). By the 1930s, generation theory, and hence core elements 
of the DDE project, had become deeply problematic. 
 The second reason that Eimer’s, Cope’s, and Berg’s theories may have failed was 
that none of them was an embryologist. They brought insights from paleontology, 
zoology, and biogeography, among other forms of evidence, to bear on the problem of 
the cause and origin of variation, but ultimately they did not study the developing 
organisms themselves. Their insights were inferences, as opposed to direct contributions, 
to the study of evolutionary embryology or (later) developmental biology. Cope is widely 
regarded as one of the greatest paleontologists of the Gilded Age (Davidson 1997), but 
his theories of evolution are not particularly well understood today. The same is the case 
with Berg and biogeography. Their work had no discernible influence on the study of the 
production of variation in the developing organism. Consequently, their contribution to 
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understanding the cause of variation may have had no obvious impact on the history of 
evolutionary embryology or developmental biology. 
 The DDE project, as put forth by Eimer, Cope, and Berg, also probably failed 
because they were wrong about heredity. Recent interest in epigenetics aside, 
Weismann’s separation of the germ plasm from the soma was ultimately correct. 
Furthermore, and perhaps more interestingly, they were not experimentalists, for the most 
part. Eimer, Cope, and Berg were prolific thinkers on a range of topics, but they did not 
directly experiment on organisms,36 and, consequently, their contributions to biology 
were minimal within the twentieth-century biology that was dominated by detailed 
experimental evidence. 
 Only a careful analysis of the reception and influence of Eimer’s, Cope’s, and 
Berg’s books on evolutionary theory will convincingly determine why these ideas of 
DDE between 1890 and 1926 were not more influential on evolutionary theory in the 
twentieth century. This future research may profitably build off the analytical work 
accomplished in this dissertation. On its own, the conceptual work accomplished in this 
dissertation allows for a more nuanced understanding of this complex period in the 
history of evolutionary theory. Ideally, this work will help historians develop a richer 
historical understanding of the theories of evolutionary directionality throughout the past 
two centuries.
                                                
36 Cope’s mutilation of mice tails being the notable exception here.  
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